January, 1954 


THE BOTANICAL REVIEW 


Interpreting Botanical Progress 


Replacement Control: Changes in Vegetation in Relation to 
Control of Pests and Diseases ... Ropert L. PIEMEISEL 1 


Suggestions for the Classification and Nomenclature of Fos- 
sil Spores and Pollen Grains ... DivyA DARSHAN PANT 33 





FUTURE CONTENTS 
ON INSIDE BACK COVER 











Published Monthly except August and September at 
111 E. Chestnut St., Lancaster, Pa. 


Entered as second-class mail matter February 4, 1935, at the Post Office at 
Lancaster, Pennsylvania, under the Act of March 8, 1879. 





THE BOTANICAL REVIEW 


Founded in 1935 by 
Henry ALLAN GLEASON and EpmuNpD H. FULLING 
Managed, edited and published at 
The New York Botanical Garden 
by 


EpmunpD H. FUuLLING 


Advisory Editors 
Pror. CHEester A. ARNOLD Pror. GILBERT SMITH 


University of Michigan Stanford University 
Pror. Myron P. Backus Dr. Russet B. STEVENS 

University of Wisconsin U. S. Government 
Pror. HERBERT C. HANSON Pror. S. F. TRELEASE 
Catholic University of America Columbia University 


Pror. M. M. RHOADES Pror. Conway ZIRKLE 
University of Illinois University of Pennsylvania 


Tue Botanicat REvIEw is published monthly except August 


and September. Subscription rate for all countries is $6.00; single 
copies, 60¢. All subscriptions are payable in advance at par in 
Lancaster, Pa., or New York: Checks should be made payable to 
THE BOTANICAL REVIEW. 


Articles are obtained primarily by invitation. Unsolicited manu- 
scripts are also welcome. In all cases, however, the editor reserves 
the right to accept, reject or suggest revisions in submitted ma- 
terial. All manuscripts should be on double-space typewritten 
pages, with references and citations in accordance with the custom- 
ary style of THE BotanicaL Review. 


Missing numbers can not be supplied unless notice is received 
within two months after appearance of issues concerned. 


All correspondence should be addressed to THz BoTANICAL 
Review, at 111 E. Chestnut St., Lancaster, Pa., or Fordham 
P. O., New York, N. Y. 





THE BOTANICAL REVIEW 





Vor. XX __ 


| JANUARY, 1954 


No. 1 
REPLACEMENT CONTROL: CHANGES IN VEGE- 
TATION IN RELATION TO CONTROL 
OF PESTS AND DISEASES 


ROBERT L. PIEMEISEL! 


REPLACEMENT CONTROL 


“Replacement control” is the name given by Piemeisel and 
Carsner (1951) to that kind of control which employs an indirect 
means of getting rid of pests through changes in vegetation. The 
changes involve replacement of weeds and other ephemeral plants 
by a more desirable cover of grasses or native perennials. With 
this replacement of weed pests by other plants, other ends are 
achieved, such as control of those insects and small animals which 
depend on the weeds for development of high numbers, and also, 
better or increased forage and better protection of the soil surface 
against erosion. Thus, though the control may be initiated for 
any one of these objectives, the effect becomes multiple and we can 
say that the objective is general instead of specific. 

In this respect replacement control differs from biological con- 
trol (Piemeisel and Carsner, 1951). The latter uses a natural 
means but depends on direct destruction of the pest by a predator 
or parasite, and is aimed at a specific pest. These authors further 
state: “ Replacement control makes use of the natural process in- 
volved in secondary successions and it applies almost exclusively 
to uncultivated lands and usually to those used for grazing. The 
kind of replacement on cultivated lands, that of obtaining a dense 
stand of crop plants to eliminate certain kinds of weeds, makes use 
of only one part of the process of plant succession, namely com- 
petition. The time is usually short, involving only the current 
generation of plants. Replacement by means of secondary succes- 
sions requires a few to many years and successive generations of 
plants. It is a complex process involving a series of plant com- 
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munities, even though these communities themselves may be simple 
as compared to the original stable plant communities ”. And also: 
“ Control by replacement has scarcely made a beginning in practice, 
but it has great potential possibilities for the future. Though this 
method has not been used intentionally as a control of particular 


pests on any large scale, some of its underlying principles have 
been tried or advocated for a long time in the improvement of 
plant cover on grazing lands, where the objective has been in- 
creased forage or better protection for the soil. Good range man- 
agement includes replacement of pest plant species, which is the 
best means of controlling them ”’. 

The present review does not pretend to assemble all of the ma- 
terial which may be associated with the subject. Instead the writer 
has chosen to follow through a particular application of replace- 
ment control; to note its development; to relate it to our body of 
knowledge concerning vegetation changes; and to explore the 
limits of the basic knowledge which underlies this kind of control. 
The effort here, then, is to examine the basis for the control rather 
than to record the many ways in which changes in vegetation of 
a certain kind may be employed as a means of control. Thus the 
example chosen is concerned with the uncultivated lands of the 
drier regions of the United States and with the shrub-grass or 
grass types of vegetation of these regions. However, changes in 
vegetation may have aplication in a manner other than dealt with 
here and also in other regions. As illustrations we can cite: 
Grange (1949) who has shown ways in which vegetation changes 
may affect game abundance; Graham (1951), how a change in 
forest composition may affect forest diseases; Hackett, Russell, 
Scharf and White (1938), how changes in water level and accom- 
panying changes in vegetation may affect mosquito control; and 
Allan (1942), how some changes in vegetation may affect rodents 
and other animals. Of the many ways in which changes in vegeta- 
tion of one kind or another can affect the numbers of plant and 
animal pests, only those will be considered here which seem per- 
tinent to the plan indicated at the beginning of this paragraph. 

The illustration of replacement control which has been selected 
has to do with the sequence of events (Piemeisel, Lawson and 
Carsner, 1951) involved in the development of curly top disease 
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of beets, beans, melons, tomatoes and other crops in western United 
States and the resulting crop losses. The sequence can be briefly 
stated as: (1) the natural cover of perennials on large areas of 
semi-desert lands was destroyed, directly or indirectly, by agencies 
set in motion by man, such as plowing, burning, over-grazing ; 
(2) the denuded lands were occupied by weeds, the most abundant 
of which were suitable hosts for the beet leafhopper (Circulifer 
tenellus Bak.) ; (3) the beet leafhopper multiplied on these hosts 
and, when other conditions besides food supply were favorable, 
reached plague proportions; (4) this insect served as the carrier 
of a virus and in its movements carried the virus from the weeds, 
a reservoir for the virus, to many plants including crop plants; 
(5) the virus caused a disease called curly top; (6) and this re- 
sulted in large losses in crops, particularly noticeable at the outset 
in sugar beets, but eventually included other crops, such as beans, 
tomatoes, melons and flax. 

The history of the investigations began somewhat in reverse of 
this order, that is, it began with crop losses and the disease, and 
this will be the order followed here. The first investigation of the 
losses from an outbreak of the disease was in California in 1895 
when Linhart (1901) reported the areas affected and summarized 
the findings of specialists. Townsend (1902, 1908) described and 
figured the disease. Ball (1906, 1907, 1909) pointed out that in- 
sects were associated with the trouble. This was confirmed by 
Shaw (1910) by caging beet leafhoppers and thus transmitting 
the causal agent of the disease. Boncquet and Hartung (1915) 
found that leafhoppers might not carry the causal agent but did so 
after feeding on diseased beets. Stahl and Carsner (1918) showed 
that newly emerged insects did not transmit the causal agent of 
the disease but did so after feeding on diseased beets. Ball (1917) 
reviewed previous work and suggested that some wild plants might 
carry the causal agent, and Boncquet and Stahl (1917) found 
curly top infection in native plants. Carsner (1919) reported 14 
species of eight families as susceptible to curly top. Severin (1919) 
gave lists of wild plants from which insects carried virus to beets. 
Carsner and Stahl (1924) reviewed earlier investigations and gave 
the general distribution of curly top and of the beet leafhopper. 
They suggested the possibility of resistant beets. Carsner (1926) 
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reported the susceptibility of beans to curly top. Severin and Hen- 
derson (1928) listed the plants, native and cultivated, that were 
damaged by curly top. 

It was thus established that the losses were due to a disease, 
curly top; that the disease was caused by a virus which was trans- 
mitted by a single vector, the beet leafhopper ; that the insect lived 
on wild plants, a reservoir of the virus, and carried the virus to 
beets and other crops. 

The relation of wild plants, breeding host areas, to leafhopper 
outbreaks was emphasized in the ecological studies by Carter 
(1930) which were begun in 1924 and aimed at predicting the out- 
breaks. Annand, Chamberlin, Henderson and Waters (1932) ex- 
tended this knowledge and related the movements of the leafhopper 
to seasonal development of the disease in beet and bean fields in 
Idaho. Other investigators added to this knowledge of breeding 
areas and their relation to disease in the fields: Knowlton (1927) 
in Utah; Haegele (1927, 1932) in Idaho; Severin (1933) in Cali- 
fornia; Hills (1937) in Oregon; Romney (1939) in New Mexico, 
Colorado and western Texas; Douglass, Dorst and Peay (1942) 
in Idaho and Utah; Lawson and Piemeisel (1943) in the San 
Joaquin Valley, California; and Fox, Chamberlin and Douglass 
(1945) in southern Idaho. Long distance movements of the leaf- 
hopper were traced by Dorst and Davis (1937), and detailed 
studies of the dissemination of the leafhopper in 1935-37 were 
made by Lawson, Chamberlin and York (1951). Wallace and 
Murphy (1938) dealt with the epidemiology of the disease. Fox 
(1938) showed by comparative studies the abundance of the beet 
leafhopper on weedy areas as contrasted with comparatively few 
on grass or sagebrush areas. 

These investigations and others determined the seasonal move- 
ments of the beet leafhopper with respect to weedhost areas and 
crop plants. The insect stayed on the winter annual hosts until 
about the time of drying of these in spring and then moved to the 
summer annual weedhosts and crop plants. In fall it again moved 
from these to the winter annual hosts when these came up after 
the fall rains. 

Carter’s interest in the weedhost areas and his appreciation of 
the need for investigation of these, led to studies of vegetation by 
Piemeisel. He made a preliminary report (1932) based on ob- 
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servations beginning in 1928. The general trend of the changes 
in vegetation that ended with a replacement of the weedhosts by 
other plants was indicated, and some of the main factors that re- 
tard or prevent replacement were also stated. Downy chess 
(Bromus tectorum L.), an annual grass which was not a host of 
the beet leafhopper, very quickly formed a cover and replaced the 
weedhosts. Piemeisel and Chamberlin (1936), on the basis of a 
reconnaissance survey in southern Idaho, showed the relative areas 
of weedhosts, and of these, those which required most urgent at- 
tention. They pointed out that, since beet leafhoppers are pro- 
duced in large numbers only on weedhosts on abandoned, weedy 
fallow, burned-over or overgrazed lands and not on well-farmed, 
cultivated lands, or desert range in good condition: “ The beet 
leafhopper and curly top can be controlled provided that all lands 
not continuously farmed and well farmed can be restored to and 
maintained as good desert range. The measures proposed for the 
accomplishment of this are similar to those contemplated or now 
under way for purpose of land conservation and differ only in the 
results sought for, that is control of curly top instead of increased 
forage or prevention of soil erosion ”’. 

Piemeisel and Lawson (1937), in a survey of the San Joaquin 
Valley, California, showed the location of the breeding areas; con- 
trasted the present vegetation with a reconstruction of the original 
types; cited results of denudation and the manner of replacement 
of weedhosts by grass or other plant covers not favorable for the 
leafhopper. 

Piemeisel (1938) followed the actual sequence of changes in 
plant cover on a number of study areas in Idaho in year by year 
records for the period 1928-1932, with some observations up to 
1936. Under favorable conditions, the changes in plant cover 
progressed from Russian thistle (Salsola kali var. tenuifolia 
Tatisch) for the first two years to mustards (Sisymbrium altissi- 
mum L. and Descurainia sophia (L.) Webb) for the next two 
and then to a cover of downy chess the fifth year. In another case, 
in a field enclosed and used heavily by livestock, the plant cover 
degenerated from an initial good cover of downy chess to one of 
weedhosts, Russian thistle and mustards. However, a small pro- 
tected area in the same field continued in a good cover of downy 
chess. 
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Lawson and Piemeisel (1943), on the basis of transect surveys 
in the San Joaquin Valley, California, reported the approximate 
acreages of the principal summer hosts and, by repeated surveys 
on the same transect lines, determined what became of the weed- 
host areas and what changes in plant cover took place on those not 
disturbed again. The summer weedhosts were rapidly replaced 
by other plants which were winter annuals, mostly grasses. 

Piemeisel (1945) attempted to induce replacement of weedhosts 
by grasses, as previously observed, by excluding livestock from 
three 40-acre areas in southern Idaho. The attempt failed, that 
is, no two were alike in the changes in plant cover at the end of 
the period, 1932-1937. However, within the 40-acre fenced areas 
there were small exclosures which excluded rabbits as well as 
livestock, and these showed development to a grass cover, downy 
chess, that was alike in all three. Here, by experiment, were 
confirmed the findings arrived at by inference (1932) and subse- 
quently (1938) observed in sequence and recorded year by year 
on the same study areas. This was further confirmed when larger 
exclosures were made and finally when an entire 40-acre area was 
protected from rabbits and livestock for the period, 1938-1944. 
When the conditions necessary for the replacement of weedhosts 
by grasses became known and the causes which retarded the de- 
velopment were removed, then the changes in vegetation could be 
predicted for a particular area, and with local conditions known, 
the rate of change could also be predicted. Later, Piemeisel 
(1951) brought together pertinent information to show why one 
kind of community appeared first and was then replaced by an- 
other; also why, under specified conditions which could be re- 
peated, there was a fairly definite time in which the changes took 
place. 

A number of points now seem to be well-established. In the 
periods when a complex of factors brought about a great reduction 
of weedhost acreages, the number of leafhoppers and the losses 
from curly top were both low. When weedhost acreages were large 
and other factors were also favorable, the worst outbreaks of the 
insect occurred and the losses from the disease were great. In 
general, and this applies to the greatest part of the weedhost and 
leafhopper problem areas, the weedhosts can be replaced by a 
cover of winter annuals, chiefly grasses, which is not suitable for 
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the beet leafhopper to develop on in any large numbers. Even 
though some winter annual weedhosts may still be associated with 
these grasses, the density of the stand becomes unfavorable for 
the development of large numbers of the leafhopper. The condi- 
tions necessary for this replacement and for maintaining a suffi- 
ciently dense cover of annuals are those generally required for good 
range management. The cover of annuals, however, is unstable 
and easily destroyed so that the eventual solution lies in a more 
stable cover of perennials. Now, though the development of a 
desirable cover of annuals is a comparatively simple process, fur- 
ther development of a cover beyond this to one of native peren- 
nials is a far more complex matter and requires a more detailed 
discussion. 


IS REESTABLISH MENT OF VEGETATION POSSIBLE? 


This question in its simplest form seems rhetorical, since no one 
would dispute the statement that, for instance, in a small clearing 
in a primitive forest, the vegetation originally present and sur- 
rounding the clearing would eventually reestablish itself and come 


to resemble the surrounding forest. This is such a commonplace 
experience of all pioneer settlers and calls for such exertion on 
their part to overcome this continuous effort on the part of vege- 
tation to reestablish itself, that we can say the vegetation exerts 
a definite force and that this force is measurable in man-hours. 
It could be measured in such a clearing if a man were put to work 
with only an ax and scythe as tools and without the help of fire 
and domestic animals. It would mean continuous effort on the 
man’s part to build up an equivalent opposing force, and the area 
in which he could do this would be strictly limited. But if in this 
same locality man then increases in numbers, enlists the aid of 
domestic animals and adds constantly more efficient tools for alter- 
ing the primitive conditions, the situation changes character, the 
force exerted by the vegetation becomes less effective because of 
the kind as well as the degree of alteration of the primitive condi- 
tions—not only on the cleared part but on the surrounding area 
as well. 

The disturbing effect of man on vegetation, direct and indirect, 
is not limited to the so-called problem areas but is widespread and 
becoming more so, reaching into all areas. Steenis (1936) asks: 
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“ Is there any undisturbed vegetation on earth?” k.omarek (1937) 
points out that the so-called natural area in the Smoky Mountains 
has been considerably aitered. Cottam (1947) asks: “Is Utah 
Sahara bound?” Sears (1935) traces deterioration from grass- 
land to dustbowl. Leopold (1939), Vogt (1948), Osborn (1948), 
Ratcliffe (1938), all deal with some phase of the drastic effect of 
man on soils, animals and vegetation. Hinton (1932) put it thus: 
‘*man must, in order to feed himself, interfere with the surface of 
the earth. But he should be alive to the possible consequences of 
that interference ”’. 

Ordinarily, then, the question in any particular locality is not as 
to whether primitive conditions have been disturbed by man but 
instead the kind and degree of disturbance. The bearing this has 
on the reestablishment of vegetation can cause confusion if we do 
not make clear the point of view regarding the question of rees- 
tablishment. The question is of one kind if we assume that man 
wholly abandons a region after disturbance. The jungle-covered 
ruins of a former civilization in Yucatan are an illustration of this 
kind. In this aspect of the question no time limit is set. Turrill 
(1951) states: “if the Mediterranean Region were cleared and 
kept cleared of man and his domesticated animals nearly the whole 
land surface up to the tree limit would become forest again but 
the time taken for this to happen would vary enormously”. Here 
total abandonment by man and no time limit are both assumed as 
conditions for the reestablishment of forest. Malin (1952) cites 
a case in Kansas where aboriginal tribes cultivated certain areas 
for 200 or 300 years. Approximately 150 years after abandon- 
ment of the region by these tribes there was no noticeable differ- 
ence in the vegetation on the areas formerly cultivated and on the 
surrounding land. The earlier more intensive disturbance by these 
tribes through the raising of crops was followed by a period of 
much less disturbance by the later nomadic Plains Indians. In this 
case there was not a complete cessation of human activities but a 
marked modification of them, and the subsequent time, though 
short in point of history, is still long in terms of control. 

If we can assume complete abandonment by man and no time 
limit for the reestablishment, the answer is comparatively simple. 
But if we assume man’s continued presence and a fairly short time 
limit, which seems necessary for a control to be considered feasible, 
then the problem becomes more complex and we must consider 
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other questions. Thus the degree of disturbance, especially in its 
more extreme forms, will affect the time for reestablishment. If 
we take the extreme case of bare soil where there is active erosion 
of the soil, some time is lost in establishing the first protective 
cover. The shortest time can be expected only when an initial 
cover is already present. Again, the degree of disturbance will 
determine how much importance is to be put on the size of the 
area disturbed. Size of area is of little importance if disturbance 
is not so great but that enough of the parent perennial seed plants 
remain scattered throughout the area. But size becomes important 
when the seed plants are nearly all killed out and the bulk of the 
seed must come from the borders. In such case, if the area is 
large, the borders distant, then the time required for reestablish- 
ment will be much longer. 

Still another point of importance is the degree to which reestab- 
lishment will be expected to take place. Replacement control is 
not concerned with a return to what may be considered, by some, 
the climax. It may not even be a return to the particular kind of 
vegetation that existed on the site at the coming of white man, 
though it would approach this in many areas. A good knowledge 
of the original vegetation in this restricted sense wiil be most help- 
ful in defining the aim of reestablishment. In so far as control of 
weedhosts is concerned, this is already accomplished when a good 
cover of annual grasses and other plants is achieved. But the need 
for a more stable cover—one that is suitable as forage and one 
that will adequately protect the soil—calls for a reestablishment 
of perennials. And the various needs will determine the type of 
reestablishment for each locality. 

Aldo Leopold (1941) made a general appraisal of the situation 
in the intermountain region and found discouragement and skepti- 
cism as to reestablishment: “ The crux of the question is whether 
cheat ? is a curable or incurable affliction. Does it like other an- 
nual grasses and weeds, act as a nurse crop for the more valuable 
native grasses? Are these natives capable with protection from 
grazing of regaining dominance over cheat? The Forest Service 
Handbook * is at least mildly optimistic. It says: ‘In the better 
areas where grazing is properly regulated and fires prevented, 


2 Cheat grass (Bromus tectorum L.) also known as “ downy chess ”. 
3 Dayton et al., U. S. Forest Service. 1937. 
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cheat tends eventually to be largely replaced by more valuable 
perennial species’. On the other hana the Nevada Agricultural 
Experiment Station is more than mildly pessimistic. After several 
years of range tests it says that cheat “may be capable of slowly 
replacing the native perennial grasses—even on ranges where no 
grazing is permitted’. Cheat like the sparrow, the carp, and the 
tumbleweed, is undoubtedly here to stay. The only question is the 
degree to which its present dominance can be reduced by more 
moderate grazing and better fire control ”’. 

This is a good statement of the situation except for the ending 
which is incomplete. Is it safe to assume that, since fire and over- 
grazing were the initial primary influences that brought about de- 
terioration of the native cover, all that will be necessary is to re- 
move these two destructive agencies to bring about reestablish- 
ment? If so, shall we also assume that man wholly abandons the 
region, or that no time limit is set, or both? If the reestablishment 
of native perennials is to be expected in a reasonable length of 
time, can we omit entirely the consideration of native animals? 
Elsewhere Leopold (1939) recognized that, although some native 
animal species may be driven out of the region and others may 
become totally extinct, still other species react to the altered con- 
ditions like cheat grass, and the weeds—both their areas of distri- 
bution and their populations—are greatly increased. And such 
animal species, especially some rodents and insects as discussed 
later, may have a pronounced effect on reestablishment under cer- 
tain conditions. 

The general question as to whether annual weeds, native or alien, 
can be replaced by native perennials in the drier parts of the United 
States was dealt with in some of the early grassland studies. 
Shantz (1911, 1917) reported replacement of annual weeds by 
native perennial grasses and discussed the various stages of re- 
placement. Sampson (1919) dealt with replacement of annual 
weeds by native perennials on the overgrazed lands of the higher 
mountain valleys and summer ranges. Kearney et al. (1914) and 
Piemeisel (1932) reported some of the stages of replacement of 
weeds by shrubs and grasses in the semi-desert lands. Many in- 
vestigators since have reported on reestablishment of native peren- 
nial grasses on denuded areas which were first covered with weeds: 
Hanson (1928), Hanson and Whitman (1937), Savage and Run- 
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yon (1937), Judd and Jackson (1939), Judd (1940), Booth 
(1941), Whitman, Hanson and Loder (1943), and Costello 
(1944). 

In the studies of reestablishment cited above, the kind of changes 
and the approximate time required were arrived at by inference, 
by piecing together the information from different tracts of land 
with varying time lapses after abandonment or after disturbance. 
The investigations showed that it was possible for replacement to 
take place under some conditions. Clements (1935) summarized 
this: “so far in many hundreds of cases no exception has been 
found to the rule that grass dominants vanquish forbs and annual 
grasses . . . whenever grazing, fire, or similar destructive dis- 
turbances are prevented”. However, there still remained the 
task of following through the sequences on the same areas with 
year after year records, so as to know more about the processes 
involved ; to know the time required more specifically ; and to know 
more definitely the conditions under which the changes did not 
take place. 

Piemeisel (1938) had recorded year by year the sequence of 
changes which were involved in the replacement of weedhosts by 
annual grasses on particular pieces of land. But when he at- 
tempted to induce similar changes he met with failure when the 
study areas were protected only from livestock (1945, 1951). Part 
of one of these areas became bare and underwent severe erosion. 
Even the “ aggressive ’’ downy chess (cheat grass) did not replace 
the weedhosts as expected. However, this replacement quickly 
took place when rabbits as well as livestock were excluded. More- 
over, in one of the 40-acre areas the native perennial grass-shrub 
vegetation reestablished itself. In this area the parent seed plants 
were scattered throughout, and the increases of perennials and of 
annual grasses were contemporaneous. In another area there was 
no significant increase of perennials where the initial numbers of 
the perennials were low and downy chess formed a dense cover 
before the perennials could greatly increase. This keeping in 
check of the perennials was due only in part, and perhaps a small 
part, to the competition afforded by the downy chess cover. It 
was due mainly to the combination of low numbers of perennials 
and the destructive effect of small native animals, particularly the 
meadow mouse (Microtus montanus nanus), which the downy 
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chess cover harbored in large numbers. That competition by itself 
could not account for the lack of spread of the perennial grasses 
was demonstrated in the area already mentioned, where consider- 
able parts, first covered by downy chess, were gradually taken over 
by perennial grasses. Many such local sites which maintained 
both downy chess and meadow mice became free of both. How- 
ever, during this time seed production of the perennial grasses was 
high. 

Thus present studies show that we are not dealing with simple 
competition between different kinds of communities, even assuming 
that all harmful destruction of vegetation is prevented. Timing of 
the processes taking place in the communities involved on a par- 
ticular site is very important. If we consider a particular site 
which is dominated by the annual grass, downy chess, there is not 
a consistently uniform cover from year to year or from one small 
area within the site to another. Even mustards, which are com- 
paratively poor competitors of downy chess, may enter unoccupied 
places in the cover at certain times or in certain small areas if we 
assume a sufficient supply of seed of the mustards entering the 
site. So, too, if sufficient seed is available from an adjacent com- 
munity of a native perennial grass, it will find unoccupied places in 
the downy chess cover at some place or at some time. Strictly 
speaking, this taking over of spaces of soil not fully occupied is 
not competition. But for this to happen it is evident that there 
must be a sufficient supply of seed so as to fall upon the unoccupied 
places. Furthermore, native perennial grasses are not the poor 
competitors that mustards are. Observations indicate that in some 
seasons seedlings of perennial grasses survive in a good cover of 
downy chess. This is not merely a matter of total precipitation 
but of timing the growth (germination and subsequent develop- 
ment) with a sufficient supply of moisture. Then, assuming an 
ample supply of seed of the native perennial grasses and no harm- 
ful destruction of seedlings by animals, the native perennial grasses 
will in time take over the ground from downy chess. 

Reviewing what has been said about reestablishment up to this 
point, we note the following: Reestablishment is of one kind un- 
der primitive conditions. It becomes another kind when man 
greatly alters these conditions. The plants and animals involved, 
the kinds and their numbers, the kind of soil surface, and the size 





REPLACEMENT CONTROL 13 


of the area to be recovered, all become different. Then it becomes 
essential to know Low the area under investigation is oriented with 
respect to primitive conditions—how much it has been altered. It 
is essential to know this because reestablishment is chiefly de- 
pendent on a modification of man’s activities. It may be objected 
to that such an orientation is too difficult, since the exact primitive 
conditions are not known. However, the difficulty does not obviate 
the need of attempting this. Some approximation of primitive 
conditions can be made, and the very attempt at orientation will no 
doubt give a different slant to both the discussion of the results of 
an investigation and to planning an investigation. Furthermore, 
reestablishment needs to be viewed with a time limit; otherwise 
the different points of view will confuse the issue. The degree of 
disturbance becomes more and more important as the size of the 
area disturbed increases, and both together greatly affect the time 
required for reestablishment. If the disturbed area is very large, 
the number of parent plants left for seed will be a vital point. 

This brings us to the question already raised by Piemeisel 
(1945): if the vegetation is brought to a low status by man’s ac- 


tivities, can the native fauna (as it, too, has been altered) keep the 
vegetation at this low state? The question, however, loses its 


significance if we can assume man’s complete abandonment of the 
area or if no time limit is set. We can not get at this question by 
considering solely either competition or meteorological conditions, 
but will have to take into account the native animals and their 
effect, especially at certain times, such as that in a dry cycle and 
when their numbers have been altered by man’s activities. It is 
obviously necessary to separate, as well as we can, those effects 
which are due to man’s activities and which can possibly be modi- 
fied from those which are not susceptible to modification—the 
meteorological, and in a semi-arid region principally low precipita- 
tion. 


INFLUENCES AFFECTING REESTABLISH MENT OF VEGETATION 


Considering all that has been written about the effects of man on 
vegetation, soils and animals, it would seem that among the influ- 
ences that have to do with reestablishment of vegetation, man 
would have first place. Actually this has received less attention 
by those directly concerned with changes in vegetation than by 
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those in other lines of work. The direct effects of fire, grazing by 
domestic animals and plowing with subsequent abandonment have 
received a considerable amount of attention, but the indirect effects 
very little. It is seldom possible to tell, from the results of in- 
vestigations, how much is due to factors little altered by man, such 
as the meteorological, and how much is due to native animals 
which have been affected in both kinds and numbers. In the semi- 
arid region especially, two kinds of effects, those of drought and 
of native animals, are interwoven, and it is the relative eifect of 
each of these about which least is known. 

Of the native animals consuming vegetation, the most important 
are the small ones—rodents and rabbits. Bird (1930) found 
Drummond’s vole the most influential animal in the tall grass 
prairie, and Allee et al. (1949), commenting on this observation, 
point out that it is not the large native grazers that consume most 
of the vegetation nor the summer-active burrowing rodents but 
Drummond’s vole which is active throughout the year. Davis 
(1939) states: “ over 50% of the kinds of mammals in Idaho, and 
a far greater percentage of individuals, are rodents”. Taylor 
(1930) found that: “our studies have shown the possibility of 
rodent consumption of vegetation totalling as high as 80% of po- 
tential forage production ”. 

Much work concerning damage to vegetation by rodents has 
been done in various parts of the world. Taylor (1927) cites 
many investigations that have to do with both forage and forest. 
Here we are concerned with the bearing that damage by rodents 
has on the reestablishment of a grass or shrub-grass cover. Ro- 
dents are important not only because they are the most abundant 
of the native animals consuming vegetation but also because they 
may consume the vegetation at a very critical time, at the most 
critical season as well as in the most critical years. Unlike do- 
mestic animals which, in semi-arid regions, are usually present on 
a given area only part of the year, some of the rodents are active 
during all seasons. This matter of time of feeding is emphasized 
by Taylor (1930) who remarks: “ rodents disregard proper sea- 
sonal use” and “likewise evident is the critical importance of 
rodent activity during the driest season of the most arid vear of a 
drought cycle”. Greene and Reynard (1932) point out that 
“consumption of forage by these animals is probably of little eco- 
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nomic importance except on overgrazed range or in extremely dry 
seasons ”. 

How important damage to vegetation at a critical time may be 
with a fluctuating population as well as a high one has been stated 
for hares in the revegetation of forest areas by Cook and Robeson 
(1945): “ When, as in the case in most coniferous trees, the 
period required for seedlings to grow beyond the reach of the 
hares is greater than the number of years that the hare popula- 
tion remains low the effect of a fluctuating population may be 
substantially the same as that of a constant population at a peak 
level”. The application here is evident. If the vegetation under 
consideration can not make sufficient recovery during a period of 
low numbers of native animals, then the effect of a fluctuating 
population may be essentially the same as if the numbers remained 
high. Piemeisel (1951) illustrated how timing at a particular 
stage in the changes in a vegetation of annuals would require only 
a small quantity of vegetable matter to be removed to upset or re- 
tard the changes. 

There would be little concern over the effects of rodents if their 
numbers remained about as they are in undisturbed areas of vege- 
tation and if their numbers remained in approximately the same 
proportion to the seed supply and to the seedlings of successive 
species of plants involved in revegetation. However, the numbers 
of some of the native animals increase greatly after disturbance of 
the vegetation—when deterioration sets in and weeds appear. 
Taylor, Vorhies and Lister (1935) state this clearly: “Some of 
the animals behave successionally like the plants. Results of graz- 
ing are expressed not only in terms of weeds and annual grasses, 
but of animal ‘ weeds’ also”. Other investigators have noted a 
large increase of rabbits and various rodents on overgrazed or 
weedy lands. Philips (1936) noted that jackrabbits, pocket 
gophers, ground squirrels and deer mice were more numerous on 
the overgrazed areas. Reynolds (1950) noted that kangaroo rats 
were more abundant on overgrazed lands. Hall (1946) states that 
after deterioration of the plant cover, the entrance of weeds like 
dog fennel permits pocket gophers to increase. Vorhies and Tay- 
lor (1933) observed larger numbers of jackrabbits on the weedy 
overgrazed lands. 


The activity of the rodents not only damages current vegetation 
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but interferes with reestablishment. Vorhies and Taylor (1922) 
found that “ rehabilitation of a depleted range after severe drought 
and consequent close grazing and trampling is retarded by the 
heavy toll of seed taken by kangaroo rats” and make this pertinent 
comment: “this loss is of greater importance than would be the 
case were it ordinary forage’. Garlough (1937) stated that 
pocket gophers interfere with revegetation. Piemeisel (1945) 
showed that jackrabbits interfered with changes in vegetation, but 
the changes took place as previously observed when the jack- 
rabbits were excluded. 

Once the vegetation has proceeded to a better cover, there is a 
tendency for the rodents to be reduced in numbers or to disappear 
from the area. Taylor, Vorhies and Lister (1935) state: “ where 
a sufficient volume of grass is maintained, jackrabbits will be less 
numerous’. Linsdale (1946) found that ground squirrels which 
had been abundant on a favorite site wholly disappeared when the 
site became covered with dense tall grass and also that this was 
not an isolated case but applied generally to the protected area. 

Added to the effect of the small mammals is that of insects. 
Wolcott (1937) found that under some conditions in pastures, 
“insects ate more of the grasses than the cows did”. Treherne 
and Buckell (1924) associated outbreaks of grasshoppers in Brit- 
ish Columbia with range depletion and stated: “ These observa- 
tions indicate clearly that the stock themselves are primarily re- 
sponsible for the disappearance of the range grasses. Drought and 
the influence of grasshoppers are secondary factors”. Smith 
(1940) found that grasshoppers always increase enormously in 
abundance after overgrazing. 

It is evident that small mammals and insects must be given con- 
sideration in reestablishment of vegetation. Also, it is realized 
that the effects are not always of a damaging kind. Taylor, Vor- 
hies and Lister (1935) have pointed this out, and Komarek (1937) 
has stated it plainly: “ the effect of a particular species is not either 
good or bad but good and bad; good at one time and bad at an- 
other’. However, the concern here is, how the effects of these 
may interfere with reestablishment. Apparently the effect is 
greatest when the depletion of cover is greatest, when there is need 
for seed, for the grasses to head, and the need for seedlings to sur- 
vive. Moreover, both the amount and the kind of damage that 
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is done are greatly affected by drought. It is necessary somehow 
to evaluate separately the effects of the animals and the effects of 
drought itself. Such an evaluation would most likely be found in 
long-continued studies of changes in vegetation which would in- 
clude favorable seasons as well as drought years. But, unfortu- 
nately, long-continued studies with records for the same area are 
few in the semi-arid regions. 

Shreve and Hinckley (1937), in reporting the changes over a 
period of 30 years on areas under protection from livestock, state 
clearly that rodents are considered to be part of the environment. 
The changes are presented as the product of the existing condi- 
tions as a whole, and no deductions are made concerning any par- 
ticular part of the environment. They state: “ The lack of definite 
trends in the relatively small area that has been investigated is an 
indication of the highly sporadic character of vegetational change 
when studied over a short period, and a confirmation of our knowl- 
edge that these changes are controlled by a vast number of inter- 
acting conditions’. Since only livestock was excluded and the 
changes in vegetation were attributed to the existing conditions— 
the combined effect of drought, small animals, ete—the conclusions 
seem sound but they give us no evaluation of the relative effects of 
drought and small animals. To get at such an evaluation the 
method of excluding livestock alone is open to criticism, as dis- 
cussed later in connection with exclosures. 

Another long-continued study is that of Weaver (1943). Here, 
in presenting the changes in vegetation, great emphasis is put on 
drought thus: “‘ This has occurred not as the result of man’s inter- 
ference with the vegetation nor the effect of grazing animals. It 
has been due to a dry climatic cycle and has been accomplished 
within a period of seven years”. This attributing of the effects 
observed in a dry cycle to drought is expressed or implied in sev- 
éral articles by Weaver, by Albertson and Weaver (1946) and by 
still others in the list of literature cited. In these studies there is 
not the evaluation of the relative effect of low precipitation, on the 
one hand, and of the other influences—small animals, dust, dis- 
ease, etc.—with which we are concerned in the present inquiry. 

Piemeisel (1945, 1951), in a series of long-continued studies of 
changes in weedy areas and in grass-shrub, eliminated the effects 
of both livestock and rabbits in some study areas. The effects of 
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small rodents were reduced in parts of these areas. There was 
no elimination of the effects of insects or diseases. The studies are 
limited in that they were not planned as an investigation concern- 
ing the particular effects of the various influences but dealt only 
with those which were found to interfere with the course of the 
changes that were expected because of previous observations. The 
conclusion was reached that the effects that would ordinarily be 
attributed to drought were actually local in their nature and due 
to local causes working under the general conditions of drought. 
Drought did not alter the character of the changes nor did it 
affect the time involved in the changes if the vegetation was suffi- 
ciently free of harmful destruction. 

Are there anywhere instances where vegetation was killed uni- 
formly and totally over an area coextensive with drought (not in- 
cluding true deserts)? Actually within the drought area, tufts 
or patches of living vegetation and patches of dead, alternate. 
Drought makes living hazardous for the plants. That we know. 
Sut for the greatest part we do not know why under the conditions 
of drought some individuals, or some parts of a community, die 
and others live. The reasoning about this kind of situation might 
be like this: drought in itself may have killed the vegetation in the 
dead areas, but its effect was ameliorated in the other, the living 
patches, by some local influence. Or it might be this: drought by 
itself was ineffective in killing any of the vegetation because in the 
dead areas its effect was accentuated by other local influences. 
Still a third might be a combination of these thus: the effect of 
drought may be accentuated or ameliorated by other influences 
depending on what these may be locally. At least it seems ele- 
mentary reasoning that drought by itself cannot at the same time 
account for two opposing results, the dead and the living patches, 
and we are interested here as much in the living as in the dead. 

Assuming that we possessed all of the pertinent knowledge, we 


might recognize various patterns of processes which result in living 


and dying patches thus: in one case, a process which entailed in- 
jury or previous weakening of a patch by rodents or insects and 
ended in dying during the stress of a drought period though a 
nearby uninjured patch lived; in another, a process that lead to the 
exposing of more soil surface and so increasing the effect of the 
drought ; in still another, to a process resulting from past disturb- 
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ance and a present development to a stand of such kind or such 
density that made survival impossible; and so on. If a particular 
species or a particular community is more susceptible to damage 
in times of drought than some other, then it is important to know 
this but equally important to know whether this is due to drought 
by itself. If this sort of attitude is taken and if there are continued 
observations on the processes that take place, it will lead to an 
investigation of those influences which affect the vegetation both 
during the drought and preceding it. On the other hand, if drought 
is accepted as the sole cause, then the incentive to further investi- 
gation is smothered. 

Treherne and Buckell (1924) state specifically that drought was 
not the cause of disappearance of range grasses but only one of the 
conditions, and grasshoppers another following overgrazing by live- 
stock. Allred (1941) deals with the dying of vegetation over con- 
siderable acreages during a drought period. He traces the main 
events leading up to the dying of sagebrush essentially in this way: 
sagebrush extended into the grassland as a result of killing out of 
perennial grasses by overgrazing; during the drought, lack of 
sufficient growth on the already reduced area occupied by grasses, 
forced the grasshoppers to feed on sagebrush; grasshoppers de- 
foliated the sagebrush; sagebrush died from the effects of defolia- 
tion. Here are two types of vegetation, one of which encroaches 
for a time on the site of the other after overgrazing and then is 
annihilated as a result of a process which involves a particular 
combination of events. In other areas and in a different kind of 
vegetation other processes may operate which involve combinations 
of other events, yet with a similar effect. Rttbel (1935), in his 
discussion of the replaceability of factors, gave illustrations of simi- 
lar effects produced by different combinations of factors. Lawson 
and Piemeisel (1943) showed by a diagram how the conjunction 
of a number of factors made it reasonably certain that large areas 
of Russian thistle would appear on depleted range lands, but they 
could find no direct correlation with precipitation by itself. 

In the processes that lead to death followed by an interrupted 
development in one area and to continued development in a nearby 
area, there may be many influences involved and intricately inter- 
woven but not necessarily to such an extent that we can not hope 
to make headway in unravelling them. Among others, the effects 
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of drought, of competition and of small animals, these three es- 
pecially, may be confused one with another. And if the processes 
and changes have not been followed intimatel, through the seasons, 
then the conclusions must depend solely on the judgment of the 
investigator. 

One approach to the evaluation of some of these effects is by 
the use of exclosures. There are objections to the use of them and 
there are obvious limitations but perhaps no more than common to 
any experimental work. Pieme‘sel (1940, 1945) has discussed 
some of these. The value of an exclosure arises from the possi- 
bilities of making comparisons: with current nearby vegetation ex- 
posed to various kinds of destruction; with other kinds of exclo- 
sures; and with changes in vegetation under primitive conditions. 
It is an approach to the study of vegetation by experiment. The 
main objective of the exclosure is to observe the development of 
vegetation when it is free of harmful destruction. Other purposes 
lose value if this is not understood. If the term ‘“ exclosure’’ is 
taken broadly to mean exclusion of destruction, then fencing be- 
comes only one means to this end. Repellents and other means 
can also be used. 

McGinnies (1930) states that grazing by animals is ‘ the normal 
condition—absence of grazing is abnormal. Plots which have been 
protected from grazing demonstrate this repeatedly”. We are 
concerned here with observing processes and with comparing of 
these with others under other conditions. The question is whether 
such a procedure can yield a particular kind of information. We 
can say that it is abnormal to study a plant by itself and surely 
abnormal to study it in the greenhouse, but we can not deny that 
each of these studies can yield valuable information peculiar to 
each method. 


Daubenmire (1940) cites several limitations to the use of exclo- 
sures, but these seem to be no more serious than in any experiment 
which exercises control over part of the natural conditions. His 
reference to exclosures as “ control of a single factor of the plant 
environment ” and as “ protected from the activities of a particular 
class of animals” concerns one facet of the method but fails to 


bring out the main objective of keeping vegetation free of harmful 
destruction. Exclusion of a particular class of animals may serve 
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no useful purpose if other animals are permitted to enter and cause 
an equivalent amount of destruction. The method of exclosures 
will give no ready made answers. It does not obviate the need for 
experience with vegetation nor tie exercise of judgment. 


Shelford (1931) calls attention to possible error if there is only 
partial exclusion of animals for the purpose of determining the 
climax, and this is more to the point. The objection to partial 
exclusion seems valid, as noted above, and this becomes even more 
questionable if the purpose is to determine the climax. However, 
the objective of the method of exclosure is to observe development 
wherever it may lead. Taylor (1930) states that “even our sam- 
ple plot studies will not mean all they should until the rodent factor 
is taken into account’. Wolcott (1944) believes that sample plots 
will lead to erroneous conclusions unless insects and other small 
animals are taken into consideration. 


To get at a better understanding of the interrelationships of 
plants and animals, Shelford (1939) suggested a method of no 
interference of any kind and on an area sufficiently large to permit 
natural development of even the largest animals. Information of 
this kind is essential and is much needed. However, it seems that 
to get at an interpretation of the complexity of findings in such an 
area would need the help of some experimental approach such as 
that discussed by Piemeisel (1940), the central aim of which would 
be to observe the development of vegetation when harmful destruc- 
tion is reduced to a negligible degree. In conjunction with this any 
number of comparative treatments of various kinds could be used. 
Eventually the various effects of animals, of competition between 
plants, of drought and of soil surface, among others, would be much 
better understood. It seems obvious that the outcome of compe- 
tition can not be measured if in the middle of its course one of the 
competitors is killed off by an animal. Moreover, how competition, 
interspecific and intraspecific, is affected by densities and by the 
characteristics of the species involved, as well as by low precipita- 
tion, was shown by Piemeisel (1951) with respect to annuals, and 
it seems clear that some headway can be made in this direction. 


If man, native animals, soils and meteorological factors are all 
together considered to be the total environment and no attempt at 
separating the effects of these is made, then with this goes the 
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corollary that the observed changes in vegetation are due to the 
total environment, and it becomes risky to make deductions con- 
cerning the effects of part of it. This seems to lead to an attitude 
that is content to let matters rest as they are. Egler (1951) has 
criticized this attitude and also the overemphasis on physical en- 
vironment by those concerned with vegetation. The emphasis on 
physical environment by Bodenheimer (1938) amongst investiga- 
tors of animal populations is offset by emphasis on biotic relation- 
ships by Nicholson (1933), by the emphasis on density dependent 
biological factors by Smith (1935) and by the views of Solomon 
(1949). There is as yet little integration of these views with those 
concerning vegetation and the development of plant communities. 

The point which should be emphasized is that the various effects 
of different parts of the total environment are fundamental matters 
and that limitations on our knowledge form a bottleneck to a better 
understanding of reestablishment of vegetation and consequently 
application of replacement control. It is likely that even a naive 
bungling through these intricately interwoven influences—taking 
one by one to see how each takes part in the processes—will be 
more productive than the attitude which first gathers all of these 
influences together to constitute a total environment, then considers 
the totality so complex as to defy piecemeal investigation and finally 
ends by attributing observed effects to some part of the total 
environment. 

As an illustration of how more detailed information is needed we 
can take two nearly opposing views. In fairness it should be stated 
at the outset that neither of these attempts to answer for all vege- 
tation. They are concerned with different regions and with differ- 
ent soils and vegetation. Ramaley (1939) states: “‘ Long spells of 
dry weather occur with minimum rainfall as in the years 1930 to 
1935; these not only delay the seral changes from Oryzopsis and its 
pioneers to the Stipa-Andropogon-Calamovilfa climax but cause 
actual reversals.” The implication is that this is the effect of low 
precipitation. Aside from such matters as past disturbance and 
size of area to be recovered, we are concerned especially with the 
question as to whether such reversals would have occurred during 
the same drought years if the vegetation had been sufficiently pro- 
tected from harmful destruction by native animals. If the reversals 
would not have occurred, then comes the question of kinds and 
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numbers of animals and what bearing man’s activities have on 


these. 

Piemeisel (1951) states that both the changes and rate of change 
can be predicted for a vegetation of annuals in Idaho if destruction 
of vegetation is sufficiently reduced. He found no delay in rate of 
change nor any reversal which could be attributed solely to pre- 
cipitation. Moreover, this seemed to apply also to the changes 
involving perennials and leading to a reestablishment of the shrub- 
grass cover, though here the evidence is much more limited and, 
because of the time involved, has not been repeated. The question 
still remains as to whether similar results will be obtained in other 
kinds of vegetation and under other conditions. 

Gleason’s (1939) comment is of interest in this discussion : “ The 
rare disappearance of a species because of environmental fluctua- 
tion is probably due to the fact that the fluctuations of any one vear 
have been repeated at various times in the past, and species which 
would be exterminated by them have already been removed. Never- 
theless, the long period of drought recently ended in the western 
states will probably have this effect in many instances, although I 
am not able to cite a single example at the present time”. This deals 
with species rather than communities, and yet the species which has 
been a component of a particular vegetation for a long time as well 
as the communities which have existed on a particular site for a 
long time, have both been tested by the fluctuations in meteorologi- 
cal conditions of times past. We can assume a drought greater 
than any previously experienced by the vegetation, but, no matter 
what the intensity or duration of drought, we can not escape the 
question as to what part man plays in the disappearance of a spe- 
cies or in the changes in vegetation unless we can find an area not 
altered by man and not being altered currently by him, indirectly. 
Such an area in the grass or shrub-grass regions is extremely rare, 
if it exists at all. 

If in the foregoing pages the small animals have been given much 
emphasis, it is because their influence has been so greatly neglected 
by those who study changes in vegetation. It seems there is much 
better appreciation of the far slower wearing away of the hardest 
rock by water than the “ wearing away” of vegetation by small 
animals. The effect of either at any given moment may be so slight 
as to be difficult to detect. It is the cumulative effect that can be 
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readily observed and measured. As for the small animals, the 
active agents, they may not be seen at all, since some of those ani- 
mals which are not nocturnal are crepuscular in their habits, and 
those that work during the day are apt to disappear at man’s 
approach. Few are actually seen by the student of vegetation and 
still fewer are seen feeding on the vegetation. It is true that signs 
of the small animals (burrows, trails, dung, etc.) are readily evi- 
dent on inspection, and close examination reveals a cut leaf, a stalk 
ora plant. But the amount of such evidence at any given time may 
be so slight as to be misleading and thus draw attention away from 
any tendency to associate the cumulative effects, not directly evi- 
dent, with small animals. Such cumulative effects can be revealed 
by exclosures if they are properly maintained. 


It is not the purpose here to dispute the sometimes accepted idea 
of the predominance of some particular factor and then to try to set 
up in its place some other supposedly predominant factor. The 
intent is rather to emphasize the working together of the many 
influences in various processes which we recognize by a series of 
events. The studies of Watt (1947), though they do not deal with 
the influences discussed here, give some illustrations of the way 
processes may work. He calls attention to two sets of processes, 
the up-building and the breaking-down. The two sets are pitted 
one against another, and the net result is dependent upon which 
gains supremacy at any particular time or place. The processes of 
up-building and breaking-down will vary, we can assume, not only 
with each community but with different sites, etc., because of the 
different influences that operate and because of the different com- 
ponents of the communities involved. However, if a sufficient 
number of these are observed, then, what might seem an infinite 
variety tends to form distinct patterns of processes marked by a 
series of events. And it is the patterns and processes rather than 
particular factors concerning which we are most in need of infor- 
mation. 


On the whole, if low precipitation is the sole influence in the 
matters just discussed, then there is little hope for a cure. If, on 
the other hand, the effects are due to direct or indirect disturbance 


brought about by man, there is hope through modification of the 
activities involved. 
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THE OUTLOOK FOR REPLACEMENT CONTROL 


The situation referred to previously as a bottleneck has a definite 
bearing on the outlook for replacement control. We can see this 
if we take for illustration and for comparison two views which may 
seem extreme but actually overlap and are to some extent insepara- 
ble. When it comes to a discussion of replacement control and its 
application, it is no contradiction to say at one time that there is a 
considerable body of knowledge which is not being applied to our 
problems and at the next moment to say that we are in great need 
of better knowledge. The two statements are soundly based but 
refer to different points of the same problem. If disturbance is 
slight and the perennial vegetation has not been too greatly altered, 
then the problem is comparatively simple and our knowledge is 
more than adequate to meet the situation. But the problem be- 
comes progressively more difficult and more complex as the altera- 
tion becomes greater, and extremely difficult when, over large 
areas, very little of the original stand of perennials is left. And as 
the problem becomes more complex, the want of information be- 
comes greater. 


It has been said at the beginning that replacement control has 
not been put into effect on any large scale, that is, consciously for 
all of the objectives of this kind of control. In so far as better 
forage is concerned, this has been accomplished to some extent by 
better range management practices and so, too, reestablishment of 
the perennial vegetation has been accomplished. This applies to 
the better grazing lands and where alteration of the vegetation has 
not been excessive over such large areas. When it comes to the 
objective, control of weedhosts of the beet leafhopper, and concerns 
the large areas of weedy lands which are involved in the control of 
curly top, the situation is different. These lands have come to be 
a concern recently and mainly because of the part they play in crop 
losses through curly top and not primarily because of decreased 
forage value. The degree of their alteration is extreme, the origi- 
nal perennial cover is poorly represented over great areas, and the 
problem of reestablishment of perennials is difficult and complex. 
However, there is an intermediate step, a solution for the time 
being, in the development of a cover of annual grasses and other 


plants to replace the weedhosts. This can be accomplished by good 
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range management practices over the biggest part of the weedhost 
areas. Lands that approach true desert may be an exception, but 
such lands would concern chiefly the sporadic appearances of weed- 
hosts, since sites that favor a year after year development of weed- 
hosts are also favorable for replacement. The same applies to those 
lands where there are actively eroding soils. 

On the basis of one of the points of view mentioned above, 
namely, that a considerable body of knowledge at hand is not being 
applied to the problem, there may be reason for the feeling that the 
real need is to educate, to get the information across to laymen, 
stockgrowers, landowners and others concerned with the unculti- 
vated lands. However, if what has been written here is a sound 
appraisal of the situation—the complexity of the problem, the cur- 
rently excessive emphasis on the physical environment, especially 
drought, and even the suggestion that a change to a drier, warmer 
climate may be taking place—then it must seem evident that all this 
will continue to confuse those who are to do the instructing as well 
as those to be instructed. If the instruction is to be convincing, it 
would seem that this might be done by demonstration, by actually 
setting up areas on a sizeable scale, by using all of the present 
available knowledge and all the known devices, to make reestab- 
lishment an actuality at the best possible rate, and by carrying on 
research studies to determine causes of failure in any part and to 
put into effect remedies for the failure. 

Some difficulties are not dealt with here. There are various 
interests involved, and, as Bates (1950) has stated: ‘ Argument 
over the arrangement of an electrical circuit does not affect the 
endocrine balance of either scientist or politicians ; but the mainte- 
nance of forests, the preservation of duck breeding grounds, or the 
stocking of trout streams, the extermination of coyotes, involve so 
many vested interests, so many childhood prejudices, that it is diffi- 
cult to be objective, precise, ‘ scientific’ in reviewing the data and 
determining a plan of action”. In the present case, it seems, much 


of this would be resolved if good demonstrations were put into 
effect and if our knowledge were extended at the same time. As 
for the many interests involved there is hope that this might be met 
in some such way as MacKaye (1950) has pointed out and illus- 
trated by examples. 
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To come back to the phase with which this review is concerned, 
we see some of the confusiun which besets the educator in the atti- 


tude of some writers toward the often-mentioned “‘ aggressiveness ” 


‘ 


of alien weeds expressed by such terms as “ invading ”’, * smother- 
ing” or “ suppressing ” the native vegetation. These ambiguous 
terms date back to the time of Warming (1909) and earlier. 
Wulff (1943), after reviewing the work of Allan and others, finds 
that there is little evidence that an alien plant community can sur- 
vive in a native vegetation except with the help of man’s inter- 
vention. To this statement of Wulff's, Piemeisel (1951) adds: 
“To say that some species fit in with man’s activities and thrive 
whereas other species, including the native, cannot thrive because 
of such activities, is one thing. It is very different to say or to 
imply that the alien meets the native on the same soil area and 
through competition, subdues the second”. Also: “* The discrep- 
ancy involves not merely expression or definition but different 
processes. These will not be clear until there are studies and 
demonstrations to show the particular role the alien species play 
in the successions. The results with the annuals indicate that the 


aggressiveness often attributed to alien weeds is largely limited to 


,’ 


their entering a void in the native vegetation ”. 


Levi (1952), in his evaluation of wildlife importations, shows 
the enormity of the problem in many parts of the world, involving 
pests of all kinds: animals, plants, diseases, insects. There is also 
included in his remarks about plants, a statement concerning the 
aggressiveness of aliens, thus: “in the southern part of the United 
States, the forests have been invaded by an introduced plant, the 
Japanese honeysuckle (Lonicera japonica)”. We can appropri- 
ately ask: Is this an invasion of ground that is not fully occupied ? 
Is it an invasion of forests, or rather forest sites, where forest has 
been largely removed or greatly altered by man? Or is it truly an 
invader of undisturbed forest? Whatever the final answer may 
be, it seems clear that we need this kind of information if we are 
to control existing areas of alien weeds or to prevent the spread of 
the weeds. 

It seems clear, too, that if we are to educate we must at the 
same time seek to better the knowledge which is to form the basis 
of the education. We should also bring together all of the availa- 
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ble and scattered knowledge. Allee et al. (1949) have taken a big 
step in this direction. We need to go further. In the sections 
under * Community ” the pronounced effects of rodents, of insects, 
of other animals, and also the great effect of drought, are all 
brought out separately. These still need to be related to each other 
to see how they work together. The writer believes that to bring 
about the further integration we must greatly extend our knowl- 
edge of these various effects and how they work together in proc- 
esses. If there is anywhere any planned work for long-continued 
studies that have as their stated objective, the evaluation of the 
various influences that affect reestablishment of vegetation, the 
writer does not know of it. 
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INTRODUCTION 


The worker on fossil spores and pollen grains is, sooner or later, 
confronted with the problem of classifying and naming his tiny 
objects, and it is then that his interesting array of forms becomes 
most puzzling. A number of classifications are available in which 
he can try to fit his specimens, but many a time he will find that 
none of them proves to be entirely satisfactory. A few suggestions 
are therefore ventured in the present article with a view to elimi- 
nate some of the more outstanding anomalies in some of these clas- 
sifications and to stimulate criticism and discussion in this direc- 
tion, although these suggestions can at no time claim to give a final 
solution to the manifold problems of the subject. In this connec- 
tion one must also realise that even in the case of spores and pollen 


grains of living plants, where the material is neither scarce nor dis- 
torted by preservation, a perfect system of classification has not 
yet been devised, and a systematic classification of fossils is natu- 
rally much more difficult to achieve. 


DIFFICULTIES OF IDENTIFICATION 


In most fossil spores and pollen grains only the flattened cuticu- 
lar coat is preserved, and therefore the number of nuclei, the in- 
ternal structure and the mode of germination can not be easily 
ascertained. In many cases, therefore, it is not possible to say 
whether a particular type of grain is a spore or pollen *, and speci- 


1 At many places in the present review the author has used, rather loosely, 
the convenient word “spore” to denote any one of the three categories of 
grain, viz., spore, prepollen and pollen, merely because of the lack of any 
suitable word which could be used instead. The special types of spores met 
with in the algae and the fungi have not been considered. 

2 The distinction between spores, prepollen and pollen grains is clearly 
stated by Schopf (47, pp. 14, 15), but anomalous forms are not lacking. 
Pande (38), Srinivasan (56) and others have noted that in the spores of 
some species of Riccia, germination takes place not from the trilete but by 
the formation of a single germ pore in the wall on the opposite (distal) side. 
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mens of the same type of spore, if seen in different aspects of 
flattening, ‘nay appear as different types of spores when preserved 
in the fossil condition. Spores may lose their characteristic fea- 
tures during preservation, giving an entirely deceptive appearance. 
The perispore, which, according to Bower (6, pp. 259-2600), has 
some diagnostic value, is not preserved in most cases, and its ab- 
sence at such times may be due only to “ preservation”. Sculp- 
turing of the wall generally appears late in the development of 
spores, and as such many immature spores of plants having sculp- 
tured spores would be classified among the smooth-walled spores. 
Radforth (41, p. 392) and Moore (36) have shown this in the 
mature and immature spores of Senftenbergia, although Knox 
(31) asserts that “ only spores in which the wall has become cuti- 
nised are capable of preservation as fossils and such spores already 
exhibit the type of sculpturing characteristic of the species”. In 
some spores characters like the trilete become indistinct in the 
mature grains. Distinction of the two polar ends may not be easy 
in isolated fossil spores, and there is always a chance of confusion 
between the monolete, sulcae, colpae and even chance artificial 
folds. Tricolpate pollen grains, with their three furrows meeting 
at the poles, may sometimes be mistaken in a polar view for spores 
with triradiate marks. Moreover, a triradiate mark or a triradiate 
slit may actually be present in some pollen grains, e.g., Trapa 
natans (13, p. 46), some palms and Liliaceae (13, p. 47), and such 
pollen grains, if preserved as fossils, are very difficult to distin- 
guish from spores with triradiate marks. 

The size of spores, too, varies to a large extent. In Triletes 
giganteus (68, pp. 6-7) the diameter of the biggest spore is 17 
times that of the smallest; in Calamostachys Binneyana (62, pp. 
910-912), where we find the very beginnings of heterospory, a 
large variation exists in the size of spores, even in the same tetrad; 
and variations in the size of spores occur also in Selaginella (11, 
pp. 451-457), Cyathea dealbata, Notholaena sinuata, N. affinis, 
Ceratopteris, Platyzoma (6, p. 264) and Marsilia (55, pp. 19-40), 
where Shattuck could induce size variations by altering the physi- 


ological conditions. Size may vary also in incompletely developed 


or abortive spores. Long continued maceration, too, causes cuti- 
nised spores to swell. It is impractical to macerate all specimens 
the same length of time, some requiring different amounts of treat- 
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ment, and a standard mixture of HNO: and KCIO3 changes in 
composition as maceration proceeds. Flattening also leads to an 
apparent increase in size (33, pp. 434, 435). Moreover, great 
variation in size of spores occurs throughout the various phyla of 
plants, and it is often very difficult to differentiate between iso- 
spores, microspores and megaspores. Schopf (47, p. 18) says that 
no well established megaspore species is smaller than 300 » and 
that many are much larger *, while Zerndt (68, p. 6) writes that 
spores greater than 200 pw are more likely to be megaspores; the 
latter, however, admits that spores a little smaller or a little larger 
can not be definitely assigned to any of the two categories. That 
no clear-cut distinction exists between the two types is shown by 
the fact that microspores (pollen grains) of some pteridosperms 
measure from about 170 » to about 500 p (16, p. 306), while the 
megaspores of certain plants, e.g., Stauropteris burntislandica (57) 
and Calamostachys casheana, measure only about 160 » and 180 p, 
respectively. Schopf, Wilson and Bentall (49, p. 51) point out 
a similar situation in “ Calamospora”’ where “ spores in fructifica- 
tions, which are less than about 90 microns in diameter, frequently 
are regarded as microspores and those that exceed that size often 
appear to represent megaspores. But in different species'and in 
general there seems to be no exact way to distinguish between them 
unless the contrasting size spore is present in the same fructifica- 
tion for comparison ”’. 

Homoplasy, too, seems to have played a fairly important role 
in the evolution of spore and pollen types, and, like other plant 
organs, similar forms (bilateral, tetrahedral, sculptured, lobed, 
winged, etc.) seem to have arisen independently in different groups 


of plants as a result of parallel evolution *. 


3.On account of their being larger than the megaspores of the present-day 
plants, Schopf concludes that they are the megaspores of the large arbo- 
rescent lycopods of the Palaeozoic. While it is possible that this may be 
true, it is suggested that all these larger spores need not necessarily belong 
to large arborescent forms—even the microspores of some Palaeozoic pterido- 
sperms, which were not so large and arborescent as some present day 
gymnosperms and angiosperms, were about 500 uw in diameter. Naumova 
(37, p. 357) and Knox (29, p. 461) have in fact shown that Palaeozoic 
spores were, in general, larger. 

4In this connection Thompson’s remarks (60, p. 632), although perhaps 
representing an extreme view, are noteworthy. According to him, the 
spores of ferns and liverworts, pollen grains, the tetraspores of Florideae 
and even the four daughter cells of a parent cell in simple algae allied to 
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While, therefore, it may be that careful investigation of a large 
number of spores of the same type may eliminate these chances of 
error, not all of them can always be excluded, and a perfect system 
of classification of fossil spores and pollen grains is, at present, 
impossible. 

VARIOUS SYSTEMS OF SPORE AND POLLEN GRAIN CLASSIFICATION 


A review of the literature on the classification of fossil spores 
shows that different authors have based their systems, according 
to convenience, on entirely different characters. Even in the diag- 
noses of the types and in their nomenclature authors do not agree. 
Dijkstra (10), for example, has put certain microspores under the 
genus Microsporites; Reinsch (44, 45), Ibrahim (28), Naumova 
(37) and others put all spores bearing a trilete under the group 
Triletes; and Bennie and Kidston (5), Zerndt (66-69), Harris 
(24), Schopf (47, 49), Dijkstra (10) and others regard “ Triletes” 
as a form genus which should be restricted to the megaspores of 
the Lycopodiales. Fossil megaspores are not, however, confined 
to the lycopods alone—they occur also in Sphenophyllales (2), 
Noeggerathiales (3, 8), Equisetales (62), Archaeopteris (1), 
Stauropteris burntislandica (57), Mittagia (12, p. 256-257), 
Rodeites (46, see under Sahni) and perhaps in some other plants, 
and it may not always be possible to distinguish stray megaspores 
of the Lycopodiales from those of these other groups. 

Among the various systems of classification and nomenclature 
prevalent at the present day, mention may be made of those by 
Raistrick and others in England, by Schopf, Wilson and Bentall in 
America, by Virkki (Mrs. Jacob) in India, by Ibrahim, Potonie 
and others in Germany, by Naumova, Luber, Waltz and others in 
Russia, and by Erdtman in Sweden. <A brief account of all these 
systems and their relative merits and demerits is, therefore, neces- 
sary before an attempt is made to improve upon any one of them. 

RAISTRICK’S SYSTEM. Raistrick (42, pp. 909-916) has classified 


spores first into “ general” and “ accessory ” types, and then the 


Protococcus all “ develop in much the same way”. Further he says that it 
is obvious that a very small number of diagrammatic figures will sufficiently 
represent the outward forms of all of them and that “it is equally obvious 
that the resemblance of these things to this extent is a matter of physical and 
mathematical symmetry which carries no proof of near relationship or 
common ancestry ”. 
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“ general” types have been divided into seven main groups—A, 
B, C, D, E, F, G. These seven main groups have again been sub- 
divided into types, e.g., A1, Ae, By, Bo, Bs, which, according to 
Raistrick, correspond to the spore species of Potonie and Ibrahim. 
These types of Raistrick are based on “ more general structure ” 
for convenience in the stratigraphical correlation of coal seams and 
do not aim at a systematic and orthodox morphological arrange- 
ment of the spore groups. As a purely artificial system, Raistrick’s 
‘lassification ideally combines simplicity with convenience. 
SCHOPF, WILSON AND BENTALL syNopsis. Recently Schopf, 
Wilson and Bentall (49) have attempted a new classification 
(synopsis) of Palaeozoic spores. These authors have based their 
genera on actual types and type specimens; they have paid due 
regard to the principle of priority in names and have attributed at 
least some definite affinities to them. They have admirably re- 
viewed a large volume of otherwise scattered literature, bringing 
out many new and little known facts, but here again the genera 
are based on a number of arbitrarily determined characters. 
Sometimes the wing, sometimes the sculpturing of the wall, some- 
times the shape or size of the spore has been given prominence, 
and there is no systematic arrangement of the genera into classes, 
groups, subgroups, etc. The generic names proposed by these au- 
thors, not being expressive of their characters, unlike those of 
Ibrahim and Naumova, are advantageously abbreviated more or 
less, but, while this relative brevity of names is undoubtedly an 
advantage, it is perhaps not such as to atone sufficiently for the 
sacrifice of their expressiveness. Similarly the diagnoses in some 
cases seem to have been so radically changed (e.g., Monoletes, a 
name originally meant for typical bilateral spores, has been 
emended and thereafter includes only some pteridospermous spores 
like those of Dolerotheca—see Schopf 48, 49) that the mere re- 
tention of the older name defeats the very purpose of adopting the 
prior name. Furthermore, attributing definite affinities to these 
genera is an asset which makes the classification less suited for 
isolated and scattered spores obtained by maceration (it would be 
particularly so in the case of Gondwanaland fossil spores where the 
knowledge of the spore-producing plants and their spores is very 
meagre) without dangerously surpassing the limits of cautious 
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scientific speculations, zt ‘east in the present state of our knowl- 
edge. Limiting such a bewildering variety of fossil forms as is 
found in the Palaeozoic to only 23 genera is another great handicap. 

OTHER SYSTEMATIC CLASSIFICATIONS. Of the classifications 
which aim at a systematisation of the spore forms occurring scat- 
tered in rocks, Virkki (61) takes the wing as the chief character, 
while the mode of dehiscence has been regarded as the main basis 
of classification by Ibrahim (28), Naumova (37) and Erdtman 
(14). 

In the classification of spores and pollen grains of living plants, 
the mode of germination (through the tetrad mark, i.e., the trilete 
or the monolete ®, the furrow or the germ pores) is more impor- 
tant than the wing, the sculpturing of the wall and the size of the 
spores which are treated as features of secondary importance (see 
13, 14, 65). Virkki (61, p. 99), in taking the wing as the chief 
character, has quoted Wodehouse (65, p. 254) as saying that * the 
bladdery wings constitute a character that was originally quite 
separate and far more ancient than the ancient furrow with which 
it is always associated among the modern spermatophytes ”. Per- 
haps no one would claim that the bladdery wings are older than 
the tetrad mark which is already developed in the spores of the 
earliest land plants (Psilophytales) and also in all Bryophyta and 
Pteridophyta. Moreover, wings are present in members of widely 
different groups. In the Lycopodiales they are present in Spen- 
cerites (32, 50, pp. 170-172) but absent from the rest; in the 
pteridosperms they occur in Stephanospermum caryoides ®, Pteru- 
chus (59), Caytonanthus (26, 27, 58), Hydropteridangium?™ (23) 
and Glossopteris (39) but not in Stephanospermum akeniodes, 


Crossotheca and other Palaeozoic Pteridospermae; and in the 


5 There are, however, a few exceptions. In Jsoetes the megaspores are 
tetrahedral but the microspores may be bilateral or tetrahedral (40, p. 89; 
13, pp. 146-147 and figs. 456, 457; 29, fig. 26). Both forms are also found 
in Pstlotum and Tmesipteris (7, p. 134) and in Marattiaceae, Schizaeaceae, 
Gleicheniaceae, Hymenophyllaceae and Dicksoniaceae, but these again may 
be manifestations of homoplasy. 

6 The presence of a wing in this genus is doubtful. Florin (15, p. 640) 
says that the winged pollen grain described does not belong to this species. 
In another paper (16, p. 310) he says that Oliver later “realised that 
S. caryoides is not a Stephanospermum at all”. 

7 According to Harris (27, p. 35), the genus is now to be regarded as 
“ Harrisia Lundblad (= Hydropterangium Harris non Halle)”, but probably 
the new spelling of the former name is a misprint. 
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Coniferales (see 13, 17,65) we find them in Ernestiodendron, lV al- 
chianthus, Ullmannia, V oltzia, Pinus, Cedrus, Abies, Podocarpus, 
etc., but not in Araucaria, Tsuga, Larix, Taxus, Torreya and 
others. Similarly the shape and the number of wings may vary, 
even normally, in the pollen grains of closely related plants. In 
addition, wings are absent from the majority of spores, and at 
least for these forms other characters must be depended upon. 
Wodehouse himself does not give much importance to this charac- 
ter for classification and emphasizes the furrow. Florin (16, p. 
332), too, after a detailed study of cordaitalean and pteridosper- 
mous pollen grains, agrees with Wodehouse in regarding the “ ger- 
minal furrow as an important step in the evolution of pollen 
grains”. The mode of germination, although having certain ex- 
ceptions, is therefore of fundamental importance in the classifica- 
tion of spores, and the wing can be used only for distinguishing 
some subgroups. Another serious defect of Virkki’s classification 
lies in the numerical nomenclature adopted by her. Such names, 
although they may be extremely convenient while describing newly 
found spores, are almost meaningless for later workers, the more 
so if, like Virkki, the author does not give the diagnosis of each 
type in the customary style. 

The classifications proposed by Ibrahim (28), Naumova (37) 
and Erdtman (14) are based in the first place on the mode of 
germination and secondly on the nature and sculpture of the exine. 
As Naumova (37, p. 354) herself points out, the first feature 
among these is a genetical one, while the second is purely morpho- 
logical and may, therefore, artificially unite widely separated plants. 


That even the sculpture of the exine is at times not entirely unre- 


liable in determining natural affinities was shown subsequently by 
Knox (29, 30), Selling (51) and others from their studies of 
bryophytic and pteridophytic spores in some living and fossil 
plants. Thus these classifications, although they are largely arti- 
ficial, may still be claimed to be more natural than the preceding 
ones. Besides their systematic value, these systems are equally 
useful for correlation purposes, and at least those of Ibrahim and 
Naumova have been extensively used for the purpose in Germany 
and Russia. 

The classification proposed by Ibrahim (28), although essen- 
tially the same as Naumova’s (37), has complex hyphenated names 
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with a change of letters “i” and “o” in the prefixes to denote 
trilete and monolete spores. These characteristics, however, make 
the names very confusing and cumbersome. The number of types 
represented is also comparatively small, while pollen grains have 
not at all been considered. All these defects are eliminated in 
Naumova’s scheme to a considerable extent, while the names pro- 
posed by her are equally expressive. Although the influence of 
Ibrahim’s earlier classification on the system proposed by Naumova 
is obvious, she has unfortunately not made full use of the prior 
valid names proposed by Ibrahim. The two systems are, how- 
ever, alike in not distinguishing between microspores and mega- 
spores in their “ genera” or 


‘groups’. Erdtman’s system of 
classification (14) with its 13 “ coenotypes ” might at first appear 
to be different from the above (Ibrahim’s and Naumova’s systems) 
but is again essentially similar. Many of his “ coenotypes”’ are 
already covered by groups in Ibrahim’s and Naumova’s systems, 
but his system has the distinct advantage of treating possible micro- 
and megaspores separately. On the other hand, here also a minor 
change of letters “*e”’ and “1” in the suffixes “‘ lites” and “ letes ’ 
indicating micro- and megaspores, is quite confusing. The various 


“ coenotypes ” exist in his scheme as unrelated independent cate- 
gories, while their prototypes in Naumova’s scheme are systemati- 
cally arranged into classes, groups and subgroups. Moreover, 
Erdtman’s system, being based primarily on spores and _ pollen 
grains of living plants, does not pay due attention to many features 
and problems peculiar to fossil spores. 


THE NEW MODIFIED SCHEME OF CLASSIFICATION 


In the new scheme of classification, proposed here and presented 
in detail at the end of the article, an effort has been made to in- 
corporate all the numerous good points of each of the previous 


systems and to remedy their shortcomings wherever possible. The 
arrangement of the groups as proposed by Naumova, being dis- 
tinctly superior to that of the others, has been adopted as the basic 
framework of the scheme. Many of her groups have been included 
without any change, but wherever valid and widely accepted older 
names exist, these have replaced the new names proposed by her. 
In doing this, many names which were proposed earlier by Ibrahim 
have become incorporated in the scheme, but for the sake of con- 
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venience their hyphens have been eliminated. A few useful sug- 
gestions of Erdtman, like the separation of tetrahedral micro- and 
megaspores and addition of a class for orate pollen grains, have 
been included. The prepollen grains which were first clearly dis- 
tinguished by Schopf have been included in a new “ phylum ”. 

The main features of the scheme suggested here are: 

a) Sporopollenites Erdtman is adopted as a group name to in- 
clude all spores, prepollen and pollen grains. 

b) On the grounds of priority the phyla Pollina and Sporae of 
Naumova have been replaced by Pollenites R. Potonie and Sporites 
H. Potonie emend. R. Potonie, respectively. 

c) A new phylum, Prepollenites §, is added to include certain 
forms which have been termed “ prepollen”’ (see 47). 

d) Inthe Irrimales the group Aletes has been further subdivided 
into Zonaletes and Azonaletes (this, according to Schopf, Wilson 
and Bentall (49, p. 10), had been done by Luber (35) in 1938). 
It is suggested that these may again be divided, like the group 
Triletes of Naumova, into Acanthoaletes, Leioaletes. Euryzonaletes, 
etc., if such need arises in the future. It must also be emphasized 
that the group Aletes is based on a negative character and that, 
unless characteristic sculpturing, etc., are present, this group may 
include many plant fragments other than spores, e.g., unicellular 
remains or isolated cells of multicellular plants which have become 
detached from their neighbours. In this connection it is interesting 
to note Seward’s remarks, wherein he says that “ spores have no 
doubt been mistaken for algae; on the other hand it is equally true 
that the great majority of boghead fossils are not spores but algae ”’ 


8 Objection may be raised against the distinction of the three phyla on 
the ground that there are many forms which can not be easily assigned to 
either of these categories (spores, prepollen or pollen grains), not only 
because of difficulties created by the nature of their preservation or flattening 
but also because of the occurrence of similar forms in all three phyla (e.g., 
Endosporites may represent spores of Spencerites, prepollen of Cordaitales 
or pollen grains of some Coniferae, and many trilete or alete grains may be 
spores, prepollen or pollen). At the same time, however, it must be 
admitted that there are many other forms which can be assigned to their 
phyla at a glance, and, since such distinctions are possible, it is better that 
we distinguish between the three phyla. Even in the case of megafossils, 
similar situations are not unknown; e.g., Dadoxrylon stems may belong to 
the Cordaitales or Coniferales, or Taeniopteris leaves may belong to the 
Cycadales, Bennettitales, Pentoxyleae, etc. No one, however, would suggest 
because of this that we distinguish neither between these gymnosperm phyla 
nor between stems of Cordaites and Coniferae nor between leaves of Dora- 
tophyllum, Nilssoniopteris and Nipaniophyllum. 
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(53, p. 209). As an instance of isolated cells looking like spores 
we may cite Bandulska’s account (4) of some secretory cells which 
often become detached from tne leaf which originally bears them; 
if found unassociated with leaf impressions they would look very 
much like Aletes (see Bandulska’s figure 1) and may sometimes 
ever seem to possess a triradiate mark (see her figs. 3 and 4). 
Aletes may sometimes also include pollen without pores or fur- 
rows (Aporina and Psophosphaera of Naumova) or spores where 
the tetrad mark becomes indistinct in the mature grains or where 
it is not well preserved. 

e) The Rimales have been divided into two subclasses, Mono- 
rimosa and Tririmosa. Monorimosa has a single group, Mono- 
letes Ibr., while Tririmosa has two groups, Microsporites and 
Triletes (the former includes probable iso- and microspores and 
the latter includes megaspores). Erdtman (14) suggested that the 
names Trilites and Triletes be used to designate these, but, as 
already pointed out, such small changes in the spelling of the two 
very similar names would be quite confusing. 

f) The group Monoletes has been subdivided, as in Naumova’s 
system, into Azonomonoletes and Zonomonoletes, and it is suggested 
that these might, if necessary, be further divided into subgroups 
similar to those in the Triletes R. group of Naumova. 

g) The group Microsporites has been divided after the manner 
of Ibrahim’s Sporites, but his names have been restricted to iso- 
and microspores. In addition, a few more subgroups (genera) 
have been added, including Elaterites Wilson (63) and Triquit- 
rites Wilson and Coe (64). 

h) The group Triletes, which includes megaspores with a tri- 
radiate mark, consists of the species of the old genus Trilefes along 
with other megaspore genera. The rather unwieldy genus Triletes 
has, however, been split up into two divisions and a number of 
subgroups as suggested by Naumova, though the names in the 
present scheme include only the megaspores. Well recognised 
names like Lagenicula and Cystosporites have also been inserted 
under the same group. It might be mentioned in this connection 
that sub-divisions of Triletes had been recognised even earlier, al- 
though but vaguely, for example, by Bennie and Kidston (5) and 
by Zerndt (66-69). Although not opposed to such sectional dis- 
tinctions within the genus, Schopf (47, p. 23) has adduced argu- 
ments for retention of the generic name Triletes and against arti- 
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ficial separation of forms within the genus. With regard to these 
reasons, however, one can not help mentioning that the same argu- 
ments apply equally well to the invariably artificial separation of 
some other genera from this genus. The megaspores of the same 
species or individual, for instance, would be under the genus 7ri- 
letes, while the microspores and the abortive megaspores from 
even the same tetrad would be under some other genus. More- 
over, if his view be accepted, a different generic designation (Cys- 
tosporites Schopi) for certain very large “seed megaspores ”’ 
would be equally unjustifiable. 

1) The new phylum Prepollenites, which includes prepollen 
grains (but may include spores) with proximal dehiscence, has 
been divided into two classes—Triradites with a triradiate slit, and 
Monoradites with a single linear slit. Triradites has two groups— 
Apustulotriradites without air sacs and Pustulotriradites with air 
sacs. Pustulotriradites has a single group, Ptychotriradites, which 
includes prepollen grains with a trilete on the proximal side and 
longitudinal folds on the distal side. Prepollen grains of the type 
found in Potoniea, Crossotheca, etc., would be included here if 
found in the isolated condition. Pustulotriradites is divided into 
three subgroups : 

(1) Endosporites Wilson and Coe (64)—spores and prepollen 
grains with an equatorial ring-like sac and a triradiate mark on 
the proximal side. Such grains have been reported in some 
Cordaitales (see Schopf, Wilson and Bentall, 49). The genus 
will also include stray spores of Spencerites insignis (see Scott 
50, pp. 170-171), regarded as lvcopodiaceous ®, and even pollen 
grains of conifers like Abies nobilis (65, p. 266, pl. III fig. 13). 
® Assignment of this queer cone to the Lycopodiales is apparently based 

only on the presence of centripetal metaxylem in the cone axis and on the 
adaxial insertion of the single sporangium, characters which can not be 
regarded as definitely diagnostic. The coniferous winged spores, on the 
other hand, would, if the plant be a lycopod, suggest a very aberrant member 
for the class. One-winged spores of the type found in this imperfectly 
known Palaeozoic cone genus, of which no other parts are known, occur 
nowhere else in the Lycopodiales, while outside the genus such spores appear 
to be confined to the male cones of the Cordaitales and the allied Palaeozoic 
conifers which seem to have lived almost contemporaneously with Spen- 
cerites. In fact the hypopeltate microsporophylls of Lebachia hypnoides and 
Walchia (Lebachia?) carpentiert (Florin 17, vol. 6, p. 436, fig. 37) differ 
from the sporophylls of Spencerites in having two slightly abaxially inserted 
sporangia in place of the solitary adaxial sporangium of Spencerites. Our 


present classification emphasizes these differences only and utterly neglects 
the spore characters. 
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(ii) Parasporites Schopf (47)—prepollen grains with two 
symmetrically placed bladders (in the para position). The 
triradiate mark is usually developed with two long and one char- 
acteristically shorter ray. 

(iii) Alatisporites Ibrahim (28)—spores or prepollen grains 
(?) with three distinct bladders and a triradiate mark on the 
proximal side. The spores of some podocarps are similarly 
three-winged (65, pp. 279-282), but they have no triradiate 
marks. According to Schopf, Wilson and Bentall (49, p. 33), 
the spores of Alatisporites “seem to be essentially similar in 
construction to those of Spencerites (Scott, 1898; Kubart, 
1910) ”, but the spores of S. insignis (50, pp. 170-171) have 
only a single ring-like bladder (cf. Endosporites above), while 
those of S. membranaceous have, according to Kubart (32), di- 
vided bladders which again do not appear to be identical with 
those of Ibrahim’s Alatisporites pustulosus, at least from the 
figures. The exact affinities of this spore form should, therefore, 
be regarded as unknown at present. 

The Monolaesurata also are divided into similar groups—Ave- 
siculomonoradites and Vesiculomonoradites, including asaccate and 
saccate spores, respectively. The Avesiculomonoradites have only 
one subgroup (Ptychomonoradites), distinguished by prepollen 
grains with a single linear slit (angular in the middle) on the 
proximal side and longitudinal folds on the distal side. Prepollen 
grains of the type in Dolerotheca (Schopf, 48), etc., if found iso- 
lated, would be included in the present subgroup. Schopf’s assign- 
ment of these prepollen grains to Monoletes (47, 49) is not valid, 
since that genus, as originally defined, should more appropriately 
include only typical bilateral spores of Pteridophyta. The Vesicu- 
lomonoradites are divided into two subgroups: 

(1) Zonalomonoradites (= Zonalosporites Ibrahim (28) )— 
bilateral prepollen grains with a single slit of dehiscence on the 
proximal side and with a single ring-like equatorial sac. 

(ii) Sahnites Pant (unpublished )—bilateral prepollen grains 
with two lateral sacs symmetrically placed in the para position, 
and with a horizontal slit or ridge across the body, probably on 
the proximal side. The type is based on some spores described 
by the author from the Bacchus Marsh tillite in Australia 
(Lower Gondwana). Isolated spores of Pteruchus (see Thomas 
59, p. 235) would be included here. 
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j) Two new classes have been added under Pollenites, viz., 
Jugata for united pollen grains, and Orosa for pollen grains with 
equatorially placed pores (after Erdtman’s suggestion in 14). 

k) The group Saccata!® has been differently divided, the sub- 
groups being based on the number and position of the sacs. This 
appears to be the only stable basis of classifying saccate pollen 
grains, although it might, as in some living species, lead to the 
separation of spores of the same plant (e.g., Microcachrys), but 
even here there is a stable normal number of sacs for the majority 
of pollen grains. The group is divided into the following sub- 
groups: 

(1) Florinites Schopi, Wilson and Bentall—with a single large 
cap-like bladder (sac) covering all but a small distal part of the 
body of the spore. Naumova’s Oedemosaccus, which has pri- 
ority, may be identical, but the diagnosis is not clearly stated in 
her paper. In some pollen grains of this type the presence of a 
faint triradiate marking on the proximal side (Florin’s refer- 
ence to this (15, p. 651) as the distal pole is incorrect, probably 
a misprint) has been definitely demonstrated (Florin 15, p. 645), 
but the dehiscence is probably distal. If, however, the dehiscence 
is proved to be proximal, then this spore type also would be 
included in the group Pustulotriradites under Prepollenites. 

(ii) Perisaccus Naum.—with a single ring-like equatorial sac 
(as in Endosporites) but without a triradiate mark™. Such 
pollen grains are found in some fossil conifers (lWalchia, Er- 
nestiodendron, etc.) and also in some living ones, both normally 
(as in Abies nobilis '*) and abnormally (as in Pinus etc.). 

(111) Striatites Pant (unpublished )—pollen grains with a sac 
on each side of the body which is transversely ridged or striated. 


10 Naumova’s attribution of this group to the conifers alone is incorrect, 
since saccate pollen grains are found in other groups as well. 

11 Harris (22, p. 6, text fig. 1 and pl. vii, figs. 4 and 9) has described 
under the name Discitcs structures showing a reticulate peripheral bladder- 
like structure and a central homogeneous body. Although he has himself 
suggested that these might be spores, he doubts this, firstly on the ground 
that they have no triradiate marks and secondly because they are less re- 
sistant to maceration. At least as regards the first point it might be men- 
tioned that the author (unpublished) and Virkki (61) have found numerous 
monosaccate spores with peripheral ring-like bladders and without triradiate 
marks. They are, however, much smaller than Discites. 

12 The triradiate mark is also present in Abies nobilis pollen grains, but 
dehiscence is distal. Fossil pollen grains like those of the above species of 
Abies would, however, be extremely difficult to distinguish from Endosporites. 
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The actual nature of these striations is not known, although 
they are a stable feature. JPityosporites sewardi Virkki and 
some species of Pityosporites of Virkki should on this basis 
become Striatites sewardi and Striatites spp. Spores of this type 
probably belong to Glossopteris (39). 

(iv) Alisporites Daugherty? emend. Schopf, Wilson and 
Sentall—disaccate pollen grains with an unstriped body. The 
two wings are placed symmetrically (in the para position) on 
the two sides of the body. Dehiscence is by means of a single 
fusiform furrow. This spore form would include stray pollen 
grains of Caytonanthus ** (25, 26) and Harrisia Lundblad (= 
Hydropteridangium Harris non Halle) (23, p. 123, 124 and 27, 
p. 35) types ?®. According to Harris (21, p. 79), similar spores 
have been found by Nathorst and by Mrs. H. H. Thomas in as- 
sociation with Gangamopteris from South Africa. 


(v) Pityosporites Seward (52)—pollen grains with unstriped 
body wall and two lateral wings which are tilted towards the 
ventral (distal) side ?® of the body. In general appearance the 


13 This name was originally suggested by Daughetry (9, p. 98) for spores 
of the abietineous type whose affinities with the Podocarpineae and the 
Abietineae were not definitely known. Given such a diagnosis, Alisporites 
did not appear to be a very valid genus (see also Florin, 17, p. 451) because 
the genus Pityosporites, from which Alisporites was thus distinguished, is 
only a form genus, and the type species Pityosporites antarcticus, accord- 
ing to Seward himself (53), may not belong to either the Abietineae or 
the Podocarpineae. Florin (17, vol. v, pp. 31-32), on the other hand, men- 
tions that such pollen grains are “ possibly podocarpaceous”’, and in another 
paper he (Florin 18, p. 6) says that similar pollen grains “ were found in 
association with the twigs of Paranocladus dusenii at Iraty”. The emended 
diagnosis of Schopf, Wilson and Bentall (49), however, makes the distinction 
between the two genera quite clear. In this connection it is interesting to 
note that the diagnosis of this genus has been emended by Rao (43, p. 185) 
who suggests that use of the name Alisporites be restricted to spores with 
two flat membranaceous wings, but the author has examined Virkki’s type 
specimens for which Rao has suggested this diagnosis, and the wings on 
these spores do not appear in any way different from those of other saccate 
spores. 

14 Since completion of this article, Harris (27), has shown that the wings 
here are very slightly tilted. 

15 The mode of dehiscence could not be precisely ascertained in these 
spores, although for those of Caytonanthus, both Thomas (58) and Harris 
(25, 26) have referred to dehisced spores. Now, however, Harris (27), 
has shown that it takes place by means of a vertical slit on the ventral side 
of the body. 

16 The tilted character of the wings would not be clear in a ventral or a 
dorsal view where the wings would appear to be lying symmetrically on the 
two sides of the body, as in Alisporites. 
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spores resemble the two-winged pollen grains of the Abietineae 

and the Podocarpineae. 

(vi) Podosporites Rao (43)—with three wings *. 

1) A new subgroup Acanthobrachytrilistrium is inserted in the 
group Trilobata !* to include certain echinate spores of the Brachy- 
trilistrium type (see 20, p. 78 types E4 and E5 figs. 45 and 46). 

m) In his recent paper Erdtman (14) has distinguished three 
types among pollen grains which have been included by Naumova 
under Plicata, viz., colpate, rugate and sulcate. Although very de- 
sirable, such distinctions, so far as the author knows, may not 
usually be made in the case of isolated fossil pollen grains. In the 
present scheme, therefore, the old group with its various subdi- 
visions has been retained, but if the various types of furrows could 
be distinguished in place of the present Plicata, three groups might 
then be inserted, viz., Colpata for colpate, Rugata for rugate, and 
Sulcata for sulcate pollen grains. Each of these groups might then 
be divided into sub-groups similar to those of the present group. 

n) The subgroups in the various divisions of Porosa in Nau- 
mova’s scheme remain the same, but if the three types of furrows 
be distinguishable, then, as suggested above, a number of sub- 
groups (with prefixes Rugo-, Colpo-, and Sulco-) for rugate, col- 
pate and sulcate pollen grains, respectively, might be inserted in 
lieu of the old sub-groups with the prefix Ptycho-. 

0) Orosa, too, could be divided into groups and subgroups like 
Porosa. 


NOMENCLATURE OF FORMS UNDER THE NEWLY PROPOSED SYSTEM 


All the foregoing suggestions are embodied in an Appendix at 
the end of this paper. If the characters are well preserved in speci- 
mens and are sufficiently diagnostic, the names of the subgrou)s 
in this scheme, like those in that of Naumova, should be used as 
“ generic’ names, and size and other minor differences of morph- 


‘ 


ology should be relied on to demarcate “species”. If, however, 
the characters are ill defined and not such as to enable one to go 


17 Spores may be found in future with four or more wings which should 
then be classed under non-committal names like Tetrasaccus and Polysaccus 
according to the number of wings on the spore. 

18 The spores included in this group, as far as the author knows, cannot 
be assigned to any living or fossil pollen grain bearing plant. They have, 
however, been retained amongst the pollen grains, following Naumova, but 
they may be shifted elsewhere if necessary. 
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down to a subgroup, the name of the next identifiable higher cate- 


generic” name. Even names of such 


oe 


gory may be used as the 
wide application as Sporopollenites, Pollenites and Sporites may 
have to be used at times when the characters do not permit fur- 
ther separation. These form-genera would then include, like many 
other fossil form-genera for stems, leaves and other parts (e.g., 
Dadoxylon, Taeniopteris, Phyllites, Antholithus), two or more of 
their segregates. 


LIMITATIONS OF THE NEW SYSTEM 


Lastly it must be mentioned that this is essentially a morpho- 
logical classification meant only for scattered spores and pollen 
grains about whose affinities, as is true of many isolated spores 
found in the Palaeozoic, it is difficult to say more than what their 
remaining form and characters merely indicate. In our own Lower 
Gondwana beds especially the variety of spores is very great, while 
spores and spore-producing parts are known only in a few plants. 
3ut even here, as elsewhere, when we advance upwards into 
younger and younger beds we come across an ever increasing 
number of forms which can be assigned to some fossil or living 
genera or species. For these, as has been the practice with some 
authors so far, names of the genera to which they belong followed 
by the suffixes -sporites, -pites, etc., may be used (see Erdtman 
13, pp. 217-218). 

The many obvious flaws of the scheme also need to be fully 
emphasized. The difficulties in deciphering preserved characters 
of isolated fossil spores and pollen grains, and in their consequent 
identification have already been discussed in some detail, and the 
newly proposed system is unable to dispense with the anomalies 
so caused. The classification still remains essentially artificial, 
serving mainly for grouping together forms with certain common 
characters. The individual spore form-genera proposed here may 
include spores of two or more species, genera or groups of plants; 
or spores of the same species or individual may be grouped under 
two or more spore-genera or groups. However, we need not de- 
spair, for drawing boundary lines in the fine gradations of Nature 
is a difficult task, and classifications are, after all, mostly artificial. 
The phyletic or other distinctions which these spore-groups indi- 
cate, according to Naumova and others, are therefore not absolute. 
For example, some of the trilete spore-types, which have all been 
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assigned by Naumova to the Pteridophyta, might as well belong 
to the Bryophyta or some of the Palaeozoic Pteridospermae. Even 
some angiospermous pollen grains, e.g., those of Trapa (13, p. 46, 
fig. 3 IV and p. 104, fig. 223) and Johnsonia (13, p. 47, fig. 4), 
have triradiate marks or slits. Again Endosporites, which, accord- 
ing to Schopf (46, 48), includes prepollen of some of the Cor- 
daitales, may even belong to the Lycopodiales or Coniferales, as 
pointed out above. The Aletes similarly include forms of a very 
heterogeneous nature. The Psophosphaera and Aporina (under 
Aporosa) would almost be impossible to distinguish from those of 
Azonaletes in the Sporites, and forms should not be referred to 
either Psophosphaera or Aporina unless they can be safely assigned 
to them on the basis of sound evidence. The author hopes, how- 
ever, that within the limitations of our present knowledge and of 
such detached and isolated microscopic fragments like fossil spores, 
the present tentative suggestions will prove useful to spore workers 
despite these shortcomings. A more natural classification may be 
possible only after the forms and associated fructifications have 
been critically studied and described in a large number of fossil 
as well as living plants. 

In the end it must be categorically stated that the classification 
presented here is largely the result of fitting together a number of 
original features of the various available schemes from which the 
author has freely drawn, their new arrangement being, however, 
his own. It may further be said of the scheme, in general, that it 
must be amended and expanded from time to time to absorb other 
newly found types. 


APPENDIX 
THE NEWLY PROPOSED SYSTEM OF CLASSIFICATION 


All cutinized fossil plant elements of reproduction are regarded 
as being included in Erdtman’s term Sporopollenites and are here 
grouped into the following three phyla: 

Phylum a. Sporites H. Potonie emend. R. Potonie——Spores 
(mainly Bryophyta and Pteridophyta). 

Phylum 8. Prepollenites *.—Prepollen (Primitive Sperma- 
phyta). 

Phylum y. Pollenites R. Potonie.—Pollen grains (Sperma- 
phyta). 


* Indicates new names proposed by the present author. 
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Proposed divisions of these phyla are: 
Phylum «a. Sporites H. Potonie emend. R. Potonie (two classes) : 
Class I. Rimales Naum.—With a definite slit of dehiscence 
(two sub-classes) : 
Sub-class A. Tririmosa *—With a triradiate slit of dehiscence 
(two groups) : 
Group (a). Microsporites Dijkstra~—Spores usually below 
200 » in diameter (two divisions) : 
Division (i). Azonalesporites *—without a margin (14 
sub-groups) : 


Sub-group 1. 
Sub-group 2. 
Sub-group 3. 
Sub-group 4. 


Sub-group 5. 


Sub-group 6. 
Sub-group 7. 
Sub-group 8. 
Sub-group 9. 
Sub-group 10. 


Sub-group 11. 


Sub-group 12. 


Sub-group 13. 


Sub-group 14. 


Laevigatisporites Ibr.—smooth-walled. 
Punctatisporites Ibr.—punctate. 
Granulatisporites Ibr.—shagreen. 
Elaterites Wilson—smooth-walled with 
three attached elaters. , 
A piculatisporites B. & K. emend. Ibr.— 
spiny. 

Tuberculatisporites Ibr.—tuberculate. 
Setosisporites Ibr.—with blunt spines. 
Verrucosisporites Ibr.—verrucose. 
Reticulatisporites Ibr.—reticulate. 
Brochosporites * (includes micro- and 
isospores of Brochotriletes Naum.)— 
alveolar. 

Camptosporites * (includes micro- and 
isospores of Camptotriletes Naum.)— 
flexuous dissected. 

Periplecosporites* (includes  micro- 
and isospores of  Periplecotriletes 
Naum. )—with interwoven ridges. 
Chomosporites * (includes micro- and 
isospores of Chomotriletes Naum.)— 
with concentric ridges. 
Trilobosporites * (includes micro- and 
isospores of Trilobotriletes Naum.)— 
trilobate. 


Division (ii). Zonalesporites Ibr.1°—with  flange-like 
margin. (11 sub-groups). 


19 The change in spelling was necessitated by removal of the hyphen. 
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Sub-group 1. 


Sub-group 2. 


Sub-group 3. 


Sub-group 4. 


Sub-group 5. 


Sub-group 6. 


Sub-group 7. 


Sub-group 8. 


Sub-group 9. 


Sub-group 10. 


Sub-group 11. 


Euryzonosporites * (includes micro- 
and isospores of Euryzonotriletes 
Naum. )—margin dense and wide. 
Hymenozonosporites * (includes micro- 
and isospores of Hymenozonotriletes 
Naum.)—margin thin and filmy. 
Trematozonosporites * (includes micro- 
and isospores of Trematozonotriletes 
Naum.)—margin with a_ uniseriate 
punctate ring at the base. 
Stenosonosporites * (includes micro- 
and isospores of Stenozonotriletes 
Naum. )—margin narrow. 
Camarozonosporites * (includes micro- 
and isospores of Camarozonotriletes 
Naum.)—margin discontinuous at the 
corners of the body of the spore (op- 
posite the rays). 

Simozonosporites * (includes micro- 
and isospores of Simozonotriletes 
Naum.)—margin with outline concave 
following the faces. 

Triquitrites Wilson and Coe—triangu- 
lar spores with flange-like expansions 
opposite the rays (the margin is discon- 
tinuous opposite the sides). 
Trilobozonosporites * (includes micro- 
and isospores of Trilobozonotriletes 
Naum. )—margin trilobate. 
Diatomozonosporites * (includes micro- 
and isospores of Diatomozonotriletes 
Naum.)—margin dissected. 
Dilobozonosporites * (includes micro- 
and isospores of Dilobozonotriletes 
Naum. )—margin bilobate. 
Antsozsonosporites * (includes micro- 
and isospores of Anisozonotriletes 
Naum. )—inequilateral, the margin sur- 
rounds only the upper part of the spore. 
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Group (0). Triletes R. emend. Bennie and Kidston.— 
Spores usually above 200 p» in diameter (two 
divisions ) : 

Division (i). Azonotriletes Naum. emend.—megaspores 
without a margin (eight sub-groups) : 

Sub-group 1. JLeiotriletes Naum. emend.—smooth- 
walled megaspores (including smooth- 
walled spores of sec. Laevigati of Tri- 
letes R. emend. B. & K.). 

Sub-group 2. Tyachytriletes Naum. emend.—sha- 
green megaspores (including shagreen 
megaspores of sec. Laevigati of Triletes 
R. emend. B. & K.). 

Sub-group 3. <Acanthotriletes Naum. emend.—spi- 
nous megaspores (including spinous 
spores of sec. Apiculati of Triletes R. 
emend. B. & K.). 

Sub-group 4. Lophotriletes Naum. emend.—tubercu- 
late megaspores (including tuberculate 
spores of sec. Apiculati of Triletes R. 
emend. B. & K.). 

Sub-group 5. Dictyotriletes Naum. emend.—reticulate 
megaspores. 

Sub-group 6. Brochotriletes Naum. emend.—alveo'ar 
megaspores. 

Sub-group 7. Lagenicula Bennie and Kidston—larze 
elongated megaspores with a more or 
less prominent vestibule. 

Sub-group 8. Cystosporites Schopf—large seed mega- 
spores. 

Division (ii). Zonales Bennie & Kidston—megaspores 
with a flange-like margin (three sub- 
groups) : 

Sub-group 1. Euryzonotriletes Naum. emend.—mega- 
spores with a more or less uniformly 
wide equatorial wing. 

Sub-group 2. Trilobozonotriletes Naum. emend.— 
megaspores with the flange less de- 
veloped between the rays, the wing 
being more or less trilobate. 
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Sub-group 3. Diatomozonotriletes Naum. emend.— 
megaspores with dissected margin 
(spores like Triletes radiatus Zerndt 
should be included here). 
Sub-class B. Monorimosa *—With a single slit of dehiscence 
(one group) : 

Group (a). Monoletes Ibr—Micro- or isospores with a 
linear slit of dehiscence. (two sub-grotips or 
divisions) : 

Sub-group 1. Azonomonoletes Lub. ,—without 
margin. 
Sub-group 2. Zonomonoletes Naum. {—with margin. 
Class II. Irrimales Naum.—without any definite slit or dehis- 
cence (two sub-groups) : 
Sub-group 1. Azonaletes Lub. j—without margin. 
Sub-group 2. Zonaletes Lub. j—with margin. 
Phylum £. Prepollenites *—(two classes) : 
Class I. Triradites *—With a triradiate mark and proximal 
dehiscence (two groups) : 


Group (a). Apustulotriradites *—Without bladders (one 
sub-group) : 

Sub-group 1. Ptychotriradites *—prepollen with a 
trilete on the proximal side and longi- 
tudinal folds (furrow) on the distal 
side. 


Group (0b). Pustulotriradites *—With bladders (three sub- 
groups) : 

Sub-group 1. Endosporites Wilson and Coe—spores 
and prepollen with an equatorial ring- 
like sac and a triradiate mark on the 
proximal side. 

Sub-group 2. Parasporites Schopf—prepollen with 
two symmetrically placed (in the para 
position) bladders, the trilete often de- 
veloped with two long rays and one 
characteristically shorter. 


+ These might be regarded as divisions and further subdivided into sub- 
groups like those of Azonotriletes and Zonales. 
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Sub-group 3. Alatisporites Ibr.—spores or prepollen 
with three bladders and a triradiate 
mark on the proximal side. 

Class II. Monoradites *—With a single proximal linear slit of 
dehiscence or mark (two groups) : 
Group (a). Avesiculomonoradites *—Without sacs (one 
sub-group) : 

Sub-group 1. Ptychomonoradites *—prepollen with a 
monolete on the proximal side and 
longitudinal folds on the distal side. 

Group (2). Vesiculomonoradites *—With sacs (two sub- 
groups) : 

Sub-group 1. Zonalomonoradites * (= Zonalosporites 
Ibr.)—prepollen with a single slit of 
dehiscence and a single ring-like equa- 
torial sac. 

Sub-group 2. Sahnites *—prepollen with two lateral 
sacs symmetrically placed (in the para 
position), and with a horizontal slit or 
mark across the body, probably on the 
proximal side. 

Phylum y. Pollenites R. Potonie—(four classes) : 
Class I. Jugata *—Pollen grains united into groups of two 
or more (three sub-groups) : 

Sub-group 1. Dyadites*—pollen grains united in 
groups of two. 

Sub-group 2. Tetradites*—pollen grains united in 
groups of four. 

Sub-group 3. Polyadites *—pollen grains united in 
groups of more than four. 

Class II. Aporosa Naum.—Without pores (seven groups) : 
Group (a). Infriata Naum. emend.—Grains with a vestigial 
pore represented by a thin spot in the exine or 
a more or less prominent papilla (two sub- 
groups) : 

Sub-group 1. Psophosphaera Naum. emend.—spheri- 
cal grains with a vestigial pore repre- 
sented by a thin spot in the exine. 

Sub-group 2. Tuberina *—grains with a more or less 
protruding papilla. 
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Group (0b). Saccata Naum.—Saccate pollen grains (six 
sub-groups ) : 

Sub-group 1. Florinites Schopf, Wilson and Bentall 
—with a single large cap-like bladder 
(sac) covering all but a small distal 
part of the body of the spore; dehis- 
cence probably distal, although a vesti- 
gial triradiate mark is also sometimes 
present. 

Sub-group 2. Perisaccus Naum.—with a single ring- 
like equatorial sac; triradiate mark ab- 
sent and dehiscence distal. 

Sub-group 3. Striatites*—body wall transversely 
ridged or striated and with two sacs, 
dehiscing by a longitudinal slit(?). 

Sub-group 4. Alisporites Daugherty emend. Schopf, 
Wilson and Bentall—body wall smooth 
and with two wings placed symmetri- 
cally on the two sides of the body (in 
the para position) as in the pollen of 
Caytonanthus; dehiscence probably by 
a distal furrow. 

Sub-group 5. Pityosporites |Seward—body wall 
smooth with two lateral wings tilted 
towards the ventral (distal) side of the 
body as in the pollen of Abietineae and 
Podocarpineae; dehiscence by a distal 
fusiform furrow. 

Sub-group 6. Podosporites Rao—with three wings 
and distal germination. 

Group (c). Intorta Naum.—With two involute lobes (one 
sub-group) : 

Sub-group 1. Entylissa Naum.*°—boat-shaped pollen 
with two involute lobes enclosing a wide 
furrow with rounded ends (never com- 
pletely closed nor provided with an 
operculum). 


_70In well-preserved specimens the pollen of this sub-group can be easily 
distinguished from those of Naumova’s Monoptycha in which the furrow is 
narrower with its two ends tapering and pointed. 
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Group (d). Trilobata Naum.—Pollen trilobate (three sub- 
groups) : 
Sub-group 1. Brachytrilistrium Naum.—smooth pol- 
len with lobes broader than long. 
Sub-group 2. <Acanthobrachytrilistrium * — echinate 
with lobes broader than long. 
Sub-group 3. Dolichotrilistrium Naum.—lobes longer 
than broad. 
Group (e). Marginata Naum.—Pollen with a margin and 
with longitudinal folds (one sub-group) : 
Sub-group 1. Zonoptycha Naum.—with one _longi- 
tudinal fold. 
Group (f). Plicata Naum.—Pollen with furrows (folds) 
but without margin (four sub-groups) : 
Sub-group 1. Monoptycha Naum.—with one furrow. 
Sub-group 2. Diptycha Naum.—with two furrows. 
Sub-group 3. Triptycha Naum.—with three furrows. 
Sub-group 4. Polyptycha Naum.—with more than 
three furrows. 
Group (g). Euaporosa Naum.—Pollen without either 
pores or furrows (one sub-group) : 
Sub-group 1. Aporina Naum. 
Class III. Porosa Naum.—Pollen with non-equatorially ar- 
ranged pores (six groups) : 
Group (a). Monoporosa Naum.—With one pore (two sub- 
groups) : 
Sub-group 1. Monoporina Naum.—without furrows. 
Sub-group 2. Ptychomonoporina Naum.—with fur- 
rows. 
Group (b): Diporosa Naum.—With two pores (two sub- 
groups) : 
Sub-group 1. Diporina Naum.—without furrows. 
Sub-group 2. Ptychodiporina Naum.—with furrows. 
Group (c). Triporosa Naum.—With three pores (two sub- 
groups) : 
Sub-group 1. Triporina Naum.—without furrows. 
Sub-group 2. Ptychotriporina Naum.—with furrows. 
Group (d). Tetraporosa Naum.—With four pores (two 
sub-groups) : 
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Sub-group 1. Tetraporina Naum.—without furrows. 
Sub-group 2. Ptychotetraporina Naum.—with fur- 
rows. 

Group (e). Pentaporosa Naum.—With five pores (two 

sub-groups) : 
Sub-group 1. Pentaporina Naum.—without furrows. 
Sub-group 2. Ptychopentaporina Naum.—with fur- 
rows. 
Group (f). Polyporosa Naum.—With many (more than 
five) pores (two sub-groups) : 
Sub-group 1. Polyporina Naum.—without furrows. 
Sub-group 2. Ptychopolyporina Naum.—with _ fur- 
rows. 
Class IV. Orosa *—Pollen with equatorially arranged pores 
(ora) (six groups) : 

Group (a). Monorosa *—With one oris (two sub-groups) : 
Sub-group 1.—Monorina *—without furrows. 
Sub-group 2. Ptychomonorina *—-with furrows. 

Group (b). Dicrosa *—With two ora (two sub-groups) : 
Sub-group 1. Diorina *—without furrows. 
Sub-group 2. Ptychodiorina *—with furrows. 

Group (c). Triorosa *—With three ora (two sub-groups) : 
Sub-group 1. Triorina *—wiihout furrows. 
Sub-group 2. Ptychotriorina *—with furrows. 

Group (d). Tetraorosa*—With four ora (two sub- 

groups) : 

Sub-group 1. Tetrorina *—without furrows. 
Sub-group 2. Ptychotetrorina *—with furrows. 
Coonup (e): Pentaorosa*—With five ora (two sub- 

groups) : 

Sub-group 1. Pentorina *—without furrows. 
Sub-group 2. Ptychopentorina *—with furrows. 
‘roup (f): Polyorosa*—With many (more than five) 

ora (two sub-groups) : 
Sub-group 1. Polyorina *—without furrows. 
Sub-group 2. Ptychopolyorina *—with furrows. 
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